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Astronomical  and  Astrophysical  Society 
of  America 

ORGANIZATION  AND  MEMBERSHIP. 

The  establishment  of  the  Astronomical  and  Astrophj'sical  Society 
of  America  may  be  traced  directly  to  the  first  conference  of  astron- 
omers and  astrophysicists,  held  in  connection  with  the  dedication  of 
the  Yerkes  Observatory.  This  was  made  an  important  occasion, 
and  was  attended  by  many  distinguished  persons,  not  only  from 
Chicago  and  vicinity,  but  also  from  various  parts  of  the  country  and 
abroad.  The  formal  presentation  of  the  Observatory  to  the  Trustees 
of  the  University  of  Chicago  and  its  acceptance  by  them  took  place 
within  the  great  dome  on  October  21,  1897,  in  the  presence  of  a 
large  assemblage,  with  appropriate  addresses  by  Mr.  Charles  T. 
Yerkes,  the  donor ;  Mr.  Martin  A.  Ryerson,  the  Chairman  of  the 
Board  of  Trustees ;  by  Dr.  William  Rainey  Harper,  President  of 
the  University ;  and  by  Dr.  George  E.  Hale,  Director  of  the  Obser- 
vatory. The  dedicatory  address  was  given  at  this  time  by  Profes- 
sor James  E.  Keeler,  on  "The  Importance  of  Astrophysical  Research 
and  the  Relation  of  Astrophysics  to  the  other  Physical  Sciences." 
The  exercises  were  continued  on  the  following  day  in  Chicago,  when, 
in  the  afternoon,  Professor  Simon  Newcomb  delivered  an  address 
in  Kent  Theater  at  the  University  on  "Aspects  of  American  Astron- 
omy." That  evening,  in  conclusion,  Mr.  Yerkes  provided  a  banquet 
for  the  visiting  scientists. 

During  the  three  days  preceding  the  dedication,  October  18-20, 
a  series  of  meetings  were  held  at  the  Observatory  for  the  reading 
and  discussion  of  papers  on  astronomical  and  astrophysical  subjects. 
The  program  had  been  carefully  planned  by  Professor  Hale,  and 
included  not  only  the  presentation  of  papers  but  also  numerous  de- 
monstrations of  the  work  of  the  Observatory,  a  reception  to  those 
in  attendance,  and  an  excursion  upon  Lake  Geneva. 

This  conference  was  successful  in  bringing  together  a  large  num- 
ber of  astronomers  and  astrophysicists,  whose  contributions  in  the 
form  of  papers  and  discussions  rendered  the  proceedings  of  great 
value.  So  much  was  accomplished  that  it  was  felt  desirable  to  re- 
peat the  conference  in  the  following  summer,  with  a  view  to  its  con- 
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tinuance  in  future  years.  A  preliminary  inquiry,  directed  to  those 
wlio  had  been  present  at  the  first  conference,  and  to  others  who 
were  considered  likely  to  attend  a  second  one,  brought  a  large  num- 
ber of  satisfactory  replies.  The  writers  were  practically  unanimous 
in  favor  of  continuing  the  meetings  and  definite  acceptances  were  so 
numerous  as  to  ensure  the  success  of  a  second  conference  at  the 
Yerkes  Observatory.  It  was  found,  however,  that  its  geographical 
position  would  prevent  many  persons  in  the  eastern  states  from  com- 
ing. This  difficulty  was  removed  when  Professor  Pickering  extend- 
ed an  invitation  to  those  interested  to  hold  the  second  conference  at 
the  Harvard  College  Observatory,  beginning  on  Thursday,  August 
i8,  1898,  and  continuing  until  the  following  Saturday.  This  plan 
was  especially  advantageous,  since  the  Fiftieth  Anniversary  Meeting* 

*Forty-seventh   Annual   Meeting, 
of  the  American  Association  for  the  Advancement  of  Science  was 
to  open  in  Boston  on  the  following  Monday,  August  21,  thus  enab- 
ling those  who  desired  to  do  so  to  remain  for  that  interesting  event. 

The  selection  of  the  Harvard  College  Observatory  as  the  place 
for  the  second  conference  doubtless  had  much  to  do  with  the  highly 
successful  outcome  of  the  gathering.  The  numerous  instruments, 
many  of  them  operated  by  automatic  devices,  together  with  an  un- 
rivalled collection  of  celestial  photographs,  afforded  visitors  oppor- 
tunities for  study  not  to  be  found  elsewhere.  The  meetings  were 
held  in  the  drawing  room  of  the  Director's  residence,  which 
was  most  hospitably  thrown  open  for  the  occasion.  At  the 
conclusion  of  the  first  morning's  session,  the  members  of  the 
conference  were  entertained  at  luncheon  by  Professor  and  Mrs.  Pick- 
ering, and  on  the  second  day  similar  entertainment  was  provided  at 
the  Faculty  Room  by  the  President  and  Fellows  of  Harvard  Univer- 
sity. On  the  third  day,  after  the  adjournment  of  the  regular  ses- 
sions, a  large  party  visited  the  Blue  Hill  Meteorological  Observatory 
at  the  invitation  of  the  proprietor,  Mr.  A.  Lawrence  Rotch.  Ample 
opportunity  was  afforded  between  the  sessions  for  the  inspection  of 
the  laboratories  and  museums  of  Harvard  University,  while  the  mem- 
bers of  the  Observatory  staff'  were  always  ready  to  assist  visitors  in 
their  examination  of  the  instruments  and  photographs  so  bountifully 
displayed. 

At  the  session  on  Friday  morning,  which  was  devoted  to  matters 
of  general  interest,  it  was  resolved  by  unanimous  vote  that  the  an- 
nual conferences  should  be  continued,  either  in  their  existing  form 
or  under  the  auspices  of  a  permanent  society,  and  a  committee  was 
appointed  to  consider  the  manner  in  which  they  could  best  be  con- 
ducted.   This  committee  consisted  of  Messrs.  George  E.  Hale,  Chair- 
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man,  Simon  Newcomb,  Edward  C.  Pickering,  Edward  W.  Morley,  and 
George  C.  Comstock,  Secretary.  In  offering  their  report  at  the  next 
session  of  the  conference,  the  committee  recommended  the  forma- 
tion of  a  permanent  society  and  presented  a  first  draft  of  a  consti- 
tution. The  conference  at  once  accepted  the  substance  of  the  pro- 
posed plan,  and,  following  the  recommendation  of  the  committee, 
called  a  special  meeting  for  the  purpose  of  effecting  a  preliminary 
organization  by  those  who  had  previously  signed  a  statement  signify- 
ing their  wish  to  become  charter  members  of  the  society.  The  meet- 
ing was  duly  held,  on  August  23,  189S,  at  the  Massachusetts  Insti- 
tute of  Technology  in  the  City  of  Boston.  After  a  brief  discussion, 
the  plan  of  organization  was  referred  to  the  same  committee,  who 
were  given  power  to  add  four  to  their  number  and  authority  to  act 
ad  interim  as  the  Executive  Council  of  the  new  Society.  The  duties 
of  the  Committee  were  to  include  the  drafting  of  a  constitution,  the 
election  of  members  to  the  Society,  the  making  of  arrangements  for 
the  next  meeting,  and  other  business  of  a  similar  nature.  The  Com- 
mittee was  enlarged  by  the  addition  of  Messrs.  S.  P.  Langley, 
L,ewis  Boss,  A.  A.  Michelson,  and  J.  S.  Ames. 

The  Executive  Council  met  next  at  the  Smithsonian  Institution 
in  Washington,  on  February.  18,  1899,  with  Messrs.  Comstock,  Hale, 
I.angley,  Morley  and  Newcomb  in  attendance.  Professor  New- 
comb  presided  and  the  day  was  spent  in  considering  the  plans  for 
the  Society  and  in  putting  the  Constitution  and  By-Laws  in  shape 
for  presentation  to  its  members.  The  Council  also  accepted  the  in- 
vitation of  Professor  Hale  to  hold  the  third  Conference  at  the 
Yerkes  Observatory,  in  September,  1899.  At  the  second  session  of 
this  Conference,  which  is  now  known  as  the  First  Meeting  of  the 
Society,  the  Constitution  and  By-Laws,  substantially  in  the  form 
presented  by  the  Committee,  and  as  printed  below,  were  unanimously 
adopted,  and  in  accordance  with  their  provisions  the  formal  organi- 
zation of  the  Society  was  completed  on  the  last  day  of  the  Confer- 
ence, September  8,  1899,  by  the  election  of  officers  as  follows : 

President Simon  Newcomb. 

First  Vice-President Charles  A.  Young. 

Second  Vice-President George  E.  Hale. 

Secretary George  C.  Comstock. 

Treasurer Charles  L-  Doolittle. 

_,         .,        ,     ^  (  Edward  C.  Pickering  and 

Councilors  for  two  years. .  -  f  _,      °  , 

'  (  James  E.  Keeler. 

^         .,        r  i  Ormond  Stone  and 

Councilors  for  one  year -{-,->,        ,  -.xr  n.«-    , 

1  Edward  W.  Morlcv. 
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The  majority  of  those  first  elected  to  office  have  remained  contin- 
ously  in  the  Council  of  the  Society.  Professor  Newcomb  was  first 
made  President  during  his  absence  abroad,  and  year  after  year  he 
was  re-elected,  until  1905,  when,  at  his  earnest  request,  he  was  re- 
lieved from  the  duties  of  office.  He  was  then  made  a  life  member 
of  the  Council,  and,  as  long  as  he  lived,  maintained  the  deepest  in- 
terest in  the  Society.  He  considered  its  work  of  great  importance 
to  the  progress  of  science  on  this  side  of  the  Atlantic.  In  his  letter 
declining  further  election  as  President,  he  said :  "Through  the  So- 
ciety we  share  the  advantages  enjoyed  by  the  promoters  of  other 
branches  of  pure  and  applied  science,  which  flow  from  mutual  help, 
counsel,  criticism  and  friendly  interest.  I  therefore  earnestly  hope 
that  the  Society  will  increase  in  numbers  and  that  its  meetings  will 
be  of  yet  greater  interest  and  advantage  to  all  the  members  who  are 
able  to  attend  them." 

The  members  of  the  Society  at  the  time  of  its  organization  num- 
bered one  hundred  and  thirteen,  as  follows : 


C.  G.  Abbot 
W.  S.  Adams 
J.  S.  Ames 
Louis  W.  Austin 
Solon   I.   Bailey 
E.    E.    Barnard 
Louis  A.   Bauer 
N.   E.   Bennett 
Lewis  Boss 

S.  H.  Brackett 
Martin   Brennan 
S.   J.    Brown 
Frederick  L.  Chase 
S.  J.  Coffin 
W.  H.  Collins 
H.  R.   Colson 
George  C.   Comstock 
Henry   Crew 
Charles  R.  Cross 
Herman  S.  Davis 
Elizabeth  Dobbin 
Charles  L.  Doolittle 
Eric  Doolittle 

D.  A.    Drew 
H.  W.   DuBois 
J.  A.  Dunne 

A.  St.  C.  Dunstan 
John  R.   Eastman 


W.  S.  Eicliclberger 
William  L.  Elkin 
Ferdinand   Ellerman 
Henry  Brown  Evans 
Ervin    S.    Ferry 
Williamina  P.  Fleming 
Albert  S.  Flint 
Edgar  Frisby 
Lucy  Ames  Frost 
Edwin   B.   Frost 
Royal   H.   Frost 
Caroline   E.   Furness 
E.  F.  Gill 
H.   M.   Goodwin 
Ida  Griffiths 
John  G.  Hagen 
George   E.    Hale 
Asaph   Hall,   Jr. 
William  Harkness 
J.  N.  Hart 
G.   W.   Hough 
C.  S.  Howe 
W.  J.  Humphreys 
Harold  Jacoby 
James  E.  Keeler 
EJward   S.  King 
Lawrence  LaFarge 
S.  -P.  Langley 
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Kurt  Laves 
Henry  C.  Lord 
Carl  A.  C.  Lundin 
A.  C.  Lunn 

Alexander  MacFarlane 
Antonia  C.  Maury 

A.  A.  Michelson 
Dayton  C.  Miller 

E.  Miller 
Edward  W.  Morley 

F.  R.  Moulton 

G.  W.  Myers 
Simon  Newcomb 
E  F.   Nichols 

H.  M.  Parkhurst 
J.  A.   Parkhurst 
Henry  M.  Paul 

B.  O.   Peirce 
Charles  D.  Perrine 
O.  L.  Petitdidier 
Edward  C.  Pickering 
William  H.   Pickering 
Henry  S.  Pritchett 

A.  W.  Quimby 
Stanley  C.  Reese 
M.  E.  Rice 
G.  W.  Ritchey 

C.  H.   Rockwell 
Clement  E.  Rood 


Jonathan  T.  Rorer 
A.   Lawrence   Rotch 
John  C.  Shedd 
Aaron  N.  Skinner 
Frederick  Slocum 
Charles  M.  Smith 
Benjamin  W.   Snow 
Monroe  B.  Snyder 
Mabel   C.   Stevens 
John  N.  Stockwell 
Ormond   Stone 
John  Tatlock,  Jr. 
David  P.  Todd 
Winslow   Upton 
J.  M.  VanVleck 
Frank  W.  Very 
F.  L.  O.  Wads  worth 
Worcester   R.   Warner 
O.  C.  Wendell 
Sarah  F.  Whiting 
Frank   P.   Whitman 
Mary  W.  Whitney 
Elva  G.  Wolffe 
Robert  W.  Wood 
Ida   Woods 
Robert  S.  Woodward 
P   S.    Yendell 
Charles   A.    Young 


Since  the  organization  of  the  Society  one  hundred  and  eighty 
additional  members  have  been  elected  by  the  Cotmcil.  The  names 
and  dates  of  election  are  as  follows : 


Cleveland  Abbe 1900 

Robert  Grant  Ailken 1901 

Sebastian  Albrecht 1902 

Leah   Brown   Allen 1910 

A.  Thomas  G.  Apple 1910 

Peter  Archer    1910 

Oskar   Backlund 1910 

George   P.  Bacon 1909 

Robert  Horace  Baker 1904 

Storrs  B.  Barrett 1908 

Samuel  G.   Barton 1908 

John  R.   Benton 1902 

Frank  H.  Bigelow 1901 

Harriet  W.  Bigelow 1906 


Benjamin    Boss 1905 

Frank  P.  Brackett 1902 

John   A.    Brashear 1902 

Ernest  W.   Brown 1904 

Louise  Brown   1910 

Robert   E.    Bruce 1910 

Daniel   Buchanan    1909 

Alfred  E.  Burton 1901 

Mary  E.  Byrd igoi 

Mary  Ross  Calvert 1909 

William   W.    Campbell 1900 

Annie   Jessup    Cannon 1904 

William  T.  Carrigan 1908 

A.  J.  Champreux 1910 
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Seth  C.  Chandler igoi 

C.    A.    Chant 1906 

\V.  A.  Cogshall 1905 

Judson  B.  Coit 1902 

Wilbur  A.  Coit 1910 

Russell  Tracy  Crawford 1901 

Charles  W.  Crockett 1900 

Heber  D.  Curtis 1903 

Ralph  H.  Curtiss 1903 

W.  Walter  Dinwiddle 1902 

A.    E.    Douglass 1910 

Mrs.  Henry  Draper 1900 

Raymond  S.  Dugan 1904 

J.    C.    Duncan 1910 

F.  W.  Dyson 1910 

Sturla    Einarsson 1910 

Herman  A.  Fischer 1909 

Frederick  E.  Fowle,  Jr 1900 

Philip  Fox 1908 

W.  S.  Franklin 1903 

Charles  W.  Frederick 1902 

Matt  Frederickson  1909 

William    Gaertner    1909 

Norman  E.  Gilbert 1905 

CHarles    Grosjean 1910 

Stephen  M.  Hadley 1902 

James  P.  Hall 1900 

Asaph  Hall  1900 

W.  A.  Hamilton 1909 

John  C.   Hammond 1902 

Margaret   Harwood    1910 

W.  E.  Harper 1908 

Flora  E.  Harpham 1900 

Ellen  Hayes   1910 

John  F.  Hayford 1902 

Henry  B.  Hedrick 1904 

Josef  V.  Hepperger 1910 

George  A.  Hill 1900 

George  W.  Hill 1900 

S.  V.  Hoffman 1900 

Mary  Murray  Hopkins 1909 

Herbert  A.   Howe 1900 

L.  G.  Hoxton 1909 

Charles  John  Hudson 1910 

Gordon  F.   Hull 1900 

William  J.  Hussey 1901 

George   S.  Isham 1901 


L.   E.   Jewell 1902 

William  R.  Jewell,  Jr 1909 

Frank   C.  Jordan 1909 

Edith   Kast 1904 

Norton  A.  Kent 1903 

J.   E.   Kershner 1900 

Theo.  I.  King 1901 

W.  F.  King igo8 

Eleanor  A.  I,amson 1909 

Edgar  L.  Larkin 1903 

Jennie  B.  Lasby 1910 

Thomas  A.  Lawes 1909 

George  K.  Lawton 1900 

F.    P.    Leavenworth 1902 

Henrietta  Swan  Leavitt 1904 

Oliver  Justin  Lee 1909 

Armin  O.  Leuschner 1901 

George   A.   Lindsay 1909 

Frank  B.  Littell 1901 

Frank  H.  I^ud 1904 

Edgar  O.  Lovett 1902 

Percival  Lowell 1900 

C.  A.  Robert  Lundin,  Jr 1910 

James  A.  Lyon,  Jr 1900 

Clement  H.  McLeod 1900 

W.   D.    MacMillan 1909 

James  D.  Maddril! 1903 

Edmund  S.  Manson,  Jr 1909 

John  E.   Mellish 1909 

Charles  E.  Mendenhall 1901 

W.  O  Mendenhall 1909 

Paul  W.  Merrill 1909 

Joel   H.  Metcalf 1908 

William  Ferdinand  Meyer 1910 

Willis  L   Milham 1910 

John  A.  IMiller 1903 

S.    Alfred    Mitchell 1900 

Walter  M.  Mitchell 1908 

Joseph  H.  Moore 1903 

D.  W.  Morehouse 1909 

Herbert  R.  Morgan 1902 

Perley  Gilnian  Nutting 1910 

C.   P.   Olivier 1909 

William   W.   Payne 1901 

Henry  A.  Peck 1900 

George  Henry  Peters 1900 

O.   L.    Petitdidier 1909 
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Anton  Petrajtis  1909 

J.  S.  Plaskett 1906 

Charles   Lane   Poor 1901 

John  M.   Poor igoo 

Jermain  G.  Porter 1905 

Charles  A.   Post 1900 

R.  W.   Prentiss 1902 

Mary   Proctor    1910 

E.  E.  Read 1900 

Frank   W.   Reed 1909 

Taylor  Reed 1900 

J.   K.   Rees 1900 

Herbert  M.  Reese 1901 

Herbert  L.  Rice 1902 

E.  D.  Roe,  Jr 1906 

Frank   E.   Ross 1901 

Henry   Norris   Russell 1900 

R.   F.    Sanford 1910 

Charles  E.  St.  John 1909 

Frank   Schlesinger 1905 

Lewis  G.   Schultz 1905 

Karl    Schwarzschild 1910 

Frederick  H.  Seares 1902 

Garrett  P.  Serviss 1900 

T.  McN.  Simpson,  Jr 1909 

Edwin  L.  Smith 1901 

Elliott  Smith    1903 

Harrison  W.  Smith 1901 

Joel  Stebbins   1900 


Harlan  T.  Stetson 1909 

DeLisle  Stewart   1908 

S.  W.   Stratton 1902 

Helen  M.  Swartz 1904 

G.  D.  Swezey 1900 

Stephen  D.  Thaw 1909 

Elihu  Thomson 1910 

Edgar  D.  Tillyer 1909 

Otto   H.   Tittman 1902 

Sidney  D.  Townley.    1900 

Charles  C.  Trowbridge 1909 

Richard  H.  Tucker 1900 

Arthur  B.  Turner 1904 

H.   H.  Turner 1910 

Milton  Updegraff 1901 

Frank  D.  Urie 1909 

Charles  E.  Van  Orstrand 1909 

Laenas  G.  Weld 1903 

Percy  F.   Whisler 1910 

Ida  W.  Whiteside 1905 

Mrs.  John  C.  Whitin 1909 

Robert  Wheeler  Willson 1909 

Delonza  T.  Wilson 1903 

Herbert   C.   Wilson 1901 

R.  E.  Wilson 1909 

Walter   L.   Wright,   Jr 1901 

William  H.  Wright. 1901 

Anne   S.   Young 1902 

Everett  L  Yowell 1902 


The  Society  has  continued  to  meet  annually  since  its  organiza- 
tion, and,  as  shown  by  the  above  lists,  the  number  of  members  has 
more  than  doubled.  Accounts  of  the  meetings,  with  abstracts  of 
the  papers  presented,  have  been  published  from  year  to  year,  either 
in  the  Astrophysical  Journal  or  in  Science.  These  accounts  have 
been  prepared  by  editors  appointed  by  the  Council,  and  in  succession 
the  following  persons  have  served  in  this  capacity :  Edwin  B.  Frost, 
George  C.  Comstock,  W.  S.  Eichelberger,  Frank  B.  Littell,  Harold 
Jacoby,  F.  H.  Seares,  and  Frank  Schlesinger. 

At  the  tenth  annual  meeting,  held  at  the  Yerkes  Observatory  in 
August  1909,  the  Society  authorized  the  publication  of  a  volume 
which  should  contain  a  sketch  of  its  organization,  list  of  members, 
accounts  of  the  various  meetings,  and  so  far  as  they  are  available, 
abstracts  of  the  papers  which  have  been  presented  to  it.  This  book 
is  the  result  of  that  authorization.  In  its  preparation  I  have  used 
freely  the  printed  accounts  of  the  various  meetings  contained  in  the 
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periodicals  mentioned  and  have  supplemented  the  information  so 
obtained  by  that  found  in  papers  belonging  to  the  Secretary's 
records. 

William  J.  Hussey, 

Secretary. 
Ann  Arbor,  Michigan, 
September  15,  1910. 


CONSTITUTION 


Article  I — Name  and  Purpose. 

1.  This  association  shall  be  called  The  Astronomical  and  Astro- 
physical  Society  of  America. 

2.  The  purpose  of  this  Society  is  the  advancement  of  astronomy, 
astrophysics,  and  related  branches  of  physics. 

Article  II — Membership. 

1.  Those  persons  whose  names  were  signed  on  or  before  Sep- 
tember 15,  1899,  to  the  annexed  statement  of  desire  to  form  such 
an  association  shall  constitute  the  charter  members  of  this  Society. 
Other  persons  may  be  elected  to  membership  in  the  Society  by  the 
Council  hereinafter  provided. 

2.  The  Council  shall  prepare  and  publish  in  the  form  of  a  by-law 
uniform  rules  for  the  government  of  such  elections. 

Article  III — Officers. 

1.  The  officers  of  the  Society  shall  consist  of  a  President,  two 
Vice-Presidents,  a  Secretary,  and  a  Treasurer,  who,  in  addition  to 
the  duties  specifically  assigned  them  by  this  constitution,  shall  dis- 
charge such  other  duties  as  are  usually  incident  to  their  respective 
offices.  These  officers,  together  with  four  other  members  of  the  So- 
ciety, shall  constitute  a  Council  to  which  shall  be  entrusted  the  man- 
agement of  all  affairs  of  the  Society  not  otherwise  provided  for. 
The  President  and  Secretary  of  the  Society  shall  serve  respectively 
as  chairman  and  secretary  of  the  Council,  and  every  officer  of  the 
Society  shall  be  responsible  to  the  Council  and  shall  administer  his 
office  in  accordance  with  its  instructions. 

2.  The  Council  shall  enact  such  by-laws  as  may  be  found  need- 
ful and  proper  for  administering  the  affairs  of  the  Society,  and  may 
from  time  to  time  modify  or  repeal  such  by-laws. 

3.  The  President,  the  Vice-Presidents  and  the  Treasurer  shall 
be  elected  annually  in  a  manner  to  be  prescribed  by  the  Council  and 
shall  serve  until  their  successors  are  duly  elected  and  qualified.  Two 
members  of  the  Council  shall  be  chosen  at  the  first  annual  meeting 
of  the  Society  to  serve  for  a  period  of  one  year,  and  two  members 
shall  be  chosen  annually  to  serve  for  a  period  of  two  years  or  until 
their  successors  are  duly  elected  and  qualified.    The  term  of  office  of 
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the  Secretary  shall  be  three  years,  or  until  his  successor  is  duly 
elected  and  qualified. 

Article  IV — Meetings. 

1.  The  Council  shall  determine  the  time  and  place  of  each  meet- 
ing of  the  Society  and  shall  provide  for  an  annual  meeting,  at  which 
officers  shall  be  elected. 

2.  The  Council  shall  have  charge  of  the  programme  for  each 
meeting. 

3.  At  meetings  of  the  Society,  regularly  called,  twenty  members 
shall  constitute  a  quorum. 

Article  V — Finance. 

1.  The  Council  shall  levy  an  annual  assessment  upon  the  mem- 
bers of  the  Society  sufficient  to  provide  the  funds  required  by  the 
Society  for  the  ensuing  year ;  provided  that  this  assessment  shall  not 
exceed  the  sum  of  five  dollars  per  member  in  any  year. 

2.  If  at  any  time  there  shall  be  required  for  the  purpose  of  the 
Society  a  larger  sum  than  can  be  obtained  in  accordance  with  Sec- 
tion I  of  this  Article,  the  Council  shall  present  at  an  annual  meeting 
of  the  Society  a  statement  of  such  need  and  of  the  circumstances  at- 
tending it,  and  the  Society  shall  thereupon  determine  by  ballot  a 
policy  to  be  adopted  in  the  matter. 

3.  No  officer  of  the  Society  shall  receive  any  compensation  for 
services  rendered  to  it,  but  the  Council  may  by  resolution  direct  the 
Treasurer  to  reimburse  to  any  officer  expenses  necessarily  incurred 
by  him  in  the  discharge  of  his  official  duty. 

Article  VI — Amendments. 

1.  This  constitution  may  be  amended  by  the  affirmative  votes  of 
three-fourths  of  the  members  present  at  any  annual  meeting  of  the 
Society,  but  no  amendment  shall  be  voted  upon  unless  a  notice  sett- 
ing forth  the  nature  of  such  proposed  amendment  shall  have  been 
forwarded  to  the  several  members  of  the  Society  at  least  one  month 
before  the  meeting  at  which  it  is  proposed  to  be  voted  upon. 

2.  It  shall  be  the  duty  of  the  Secretary  to  forward  such  notices 
of  a  proposed  amendment  to  this  constitution,  when  so  requested,  in 
writing,  by  ten  members  of  the  Society. 

First  Amendment. 
December  29,  1906.  Every  member  of  the  Society  who  shall  have 
served  as  President  of  the  Society  for  a  period  of  one  year  or  more 
shall  upon  retiring  from  such  office  become  thereby  a  member  of 
the  Council  for  life.  The  number  of  elective  Councilors  shall  not  be 
thereby  diminished. 
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BY-LAWS 


1.  Election  of  Members. 

Any  person  deemed  capable  of  preparing  an  acceptable  paper  upon 
some  subject  of  astronomy,  astrophysics,  or  related  branch  of  phys- 
ics, may  be  elected  by  the  Council  to  membership  in  the  Society 
upon  nomination  by  two  or  more  members  of  the  Society.  At  least 
once  in  each  year  the  Council  shall  consider  all  such  nominations 
and  may  request  the  opinion  of  persons  not  members  of  the  Council 
with  reference  to  the  qualifications  of  the  nominees.  Blanks  for 
such  nominations  to  membership  shall  be  furnished  by  the  Secretary. 

2.  Election  of  Officers. 

The  Council  shall  provide  for  holding,  upon  the  day  preceding  the 
last  day  of  each  annual  meeting,  a  nominating  ballot  at  which  each 
member  of  the  Society  may  deposit  his  ballot  for  each  officer 
to  be  elected  for  the  ensuing  year.  Members  not  in  attendance  at 
such  annual  meeting  may  send  to  the  Secretary  their  ballots  enclosed 
in  a  sealed  envelope  bearing  the  signature  of  the  voter.  The  Vice- 
Presidents,  or  in  their  absence,  tellers  appointed  by  the  chair,  shall 
canvass  the  ballots  thus  cast  and  shall  prepare  and  pesent  to  the 
Society  a  list  showing  the  three  persons  who  have  received  the  larg- 
est number  of  votes  for  each  office  to  be  filled.  In  case  of  a  plurality 
of  names  receiving  the  same  number  of  votes  in  third  place,  all  the 
names  in  such  plurality  shall  be  included  in  the  list. 

Upon  the  last  day  of  each  annual  meeting,  written  ballots  shall  be 
cast  by  the  individual  members  of  the  Society  for  filling  each  office 
about  to  become  vacant,  of  which  only  those  shall  be  counted  which 
are  cast  for  persons  nominated  in  the  lists  prepared  as  above  di- 
rected for  the  office  in  question  or  for  some  higher  office. 

The  nominee  receiving  the  greatest  number  of  votes  for  any  office 
shall  be  thereby  elected  and  shall  be  notified  of  such  election  in  writ- 
ing, by  the  Secretary,  within  ten  days  thereafter.  It  shall  be  the 
duty  of  each  person  thus  notified  to  file  with  the  Secretary  his  writ- 
ten acceptance  of  such  office  and  if  such  acceptance  is  not  filed  with- 
in sixty  days  after  notification,  the  Council,  by  resolution,  may  de- 
clare such  office  vacant  and  may  elect  any  member  of  the  Society  to 
fill  it  until  the  close  of  the  next  annual  meeting. 
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3.    Treasurer. 

The  Treasurer  of  the  Society  shall  keep  accounts  showing  all  re- 
ceipts and  expenditures  of  moneys  belonging  to  the  Society  and 
showing  also  the  indebtedness  to  the  Society  of  each  member  there- 
of on  account  of  unpaid  assessments.  These  accounts  shall  be  sub- 
mitted at  each  annual  meeting  to  an  auditing  committee  of  not  less 
than  three  members,  to  be  appointed  by  the  Council.  The  Secretary 
shall  be  ex-officio  a  member  of  this  committee. 

4.     Secretary. 

The  Secretary  shall  be  the  purchasing  officer  of  the  Society,  and 
the  Treasurer  shall  be  the  disbursing  officer,  but  the  total  amount 
expended  by  the  Secretary  and  Treasurer  without  previous  author- 
ity from  the  Council  shall  not  exceed  the  sum  of  fifty  dollars  in  any 
year. 

5.    Unpaid  Assessments. 

The  Treasurer  shall  report  to  the  Council  at  each  annual  meeting 
a  list  of  all  members  indebted  to  the  Society  on  account  of  unpaid 
assessments. 

6.    Order  of  Business 

The  following  order  of  business  is  prescribed  for  meetings  of  the 
Council. 

a.     Call  to  order  by  the  chair. 

h.     Reading  of  minutes  of  last  meeting.' 

c.  Announcements  by  the  chair. 

d.  Announcements  by  the  secretary. 

c.     Announcements  or  reports  by  other  officers. 

/.     Unfinished  business. 

g.     New  business. 

h.     Miscellaneous. 

i.     Adjournment. 

7.     Quorum  0?  Council. 

At  any  regularly  called  meeting  of  the  Council  three  members 
shall  constitute  a  quorum.  Any  member  or  members  of  the  Society 
may  be  invited  by  such  quorum  to  represent  in  the  Council,  for  the 
time  being,  absent  members  thereof. 

RESOLUTIONS. 

The  following  resolutions  of  a  permanent  character  have  been 
adopted  by  the  Council  and  are  printed  here  for  information  of  the 
Society. 
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December  29,  1902. 

Resolved :    That  titles  of  papers  that  have  been  presented  to  other 
societies  for  pubHcation  will  not  be  placed  upon  the  programme  of 
the   Astronomical   and  Astrophysical   Society   of  America   without 
special  vote  of  the  Council. 
December  30,  1902. 

Resolved:    That  the  President  and  Secretary  of  the  Society  shall 
constitute  an  executive  committee  of  the  Council  to  act  ad  interim 
upon  such  minor  matters  affecting  the  Society  as  in  their  judgment 
do  not  call  for  submission  to  the  entire  Council. 
December  30,  1902. 

Resolved:  That  the  President  be  ex  officio  the  representative  of 
the  Society  upon  all  formal  occasions  calling  for  such  representation, 
with  power  of  substitution  in  case  he  finds  it  inconvenient  to  act. 
December  31,  1902. 

Resolved :  That  titles  of  papers  submitted  to  the  Council  after  its 
second  session  at  any  regular  meeting  of  the  Society  will  not  be 
placed  upon  the  programme  of  that  meeting. 

August  21,  1909. 

By  vote  of  the  Society,  it  was 

Resolved:  That  the  name  America  in  the  name  of  the  Society 
be  interpreted  to  include  North  and  South  America  and  adjacent 
islands. 
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OF  THE 


Astronomical  and  Astrophysical 
Society  of  America 


FIRST  CONFERENCE 

The  first  Conference  of  Astronomers  and  Astrophysicists  was  held 
on  Monday,  Tuesday  and  Wednesday,  October  18-20,  1897,  in  con- 
nection with  the  dedication  of  the  Yerkes  Observatory.  The  first 
session  was  devoted  to  the  fourth  annual  meeting  of  the  Board  of 
Editors  of  the  Astrophysical  Journal,  at  which  the  visiting  scientists 
were  invited  to  be  present.*  At  this  time  Professor  Schuster's  paper 
was  read  and  discussed.  At  the  succeeding  sessions  a  large  number 
of  additional  papers  were  presented,  abstracts  of  which  are  given  in 
the  following  pages.  During  the  Conference  ample  opportunity  was 
afforded  for  the  inspection  of  the  instruments  and  laboratories  of  the 
Observatory,  where  many  interesting  demonstrations  were  made. 
Thus,  in  the  optical  laboratory,  Mr.  Carl  Lundin,  of  Alvan  Clark  & 
Sons,  showed  the  method  employed  by  his  firm  in  testing  telescopic 
objectives,  and  Mr.  Ritchey  demonstrated  the  operation  of  the  large 
grinding  machine  carrying  a  five-foot  disk  of  glass  for  a  speculum. 
In  the  spectroscopic  laboratory.  Professor  Wadsworth  exhibited  an 
interferometer  designed  for  the  measurement  of  wave-lengths  in 
infra-red  metallic  spectra.  Professor  Crew  showed  his  rotating 
metallic  arc  in  the  physical  laboratory,  and  exhibited  its  spectrum 
with  a  large  plane  grating  spectroscope.  In  the  northeast  dome 
Professor  Lord  exhibited  the  stellar  spectroscope  of  the  Emerson 
McMillin  Observatory,  attached  to  the  twelve-inch  equatorial.  Both 
the  instrument  and  optical  shops  were  in  operation,  and  various  in- 
struments were  shown  in  process  of  construction. 


*At  earlier  meetings  of  this  Board  the   desirability  of  an   astronomical 
society  had  been  discussed. 
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The  forty-inch  refractor  was  placed  at  the  disposal  of  visitors 
each  evening,  but  the  cloudy  state  of  the  sky  made  it  impossible  to 
carry  out  the  more  delicate  demonstrations  which  had  been  planned 
for  this  instrument.  Nevertheless,  it  was  possible  to  show  a  few 
double  stars,  nebulae,  and  clusters  on  Monday  and  Tuesday  evenings. 

A  list  of  the  astronomers,  astrophysicists  and  physicists  who  took 
part  in  the  Conference  is  given  below.  It  should  be  added  that  M. 
Deslandres  of  the  Paris  Observatory,  and  Professor  Schuster  of 
Victoria  University,  Manchester,  visited  the  Observatory  with  the 
intention  of  taking  part  in  the  exercises,  but  were  unable  to  remain, 
owing  to  the  postponement  of  the  dedication. 


E.  E.  Barnard 
N.  E.  Bennett 
John  A.  Brashear 
William  R.  Brooks 
S.  W.  Burnham 
Hugh  L.  Callendar 
E.   Colbert 
W.  H.  Colhns 
George  C.  Comstock 
Henry  Crew 
Susan  J.  Cunningham 
C.  L.  Doolittle 
Ferdinand  Ellerman 
A.  S.  Flint 
Edwin  B.  Frost 
Caroline  E.  Furness 
J.  G.  Hagen,  S.J. 
George  E.  Hale 
.\saph  Hall,  Jr. 
William  Harkness 
John  T.  Hedrick,  S.J. 
George  W.  Hough 
G.  F.  Hull 
W.  J.  Humphreys 
Leslie  H.  Ingham 
James  E.  Keeler 
Kurt  Laves 
F.    P.    Leavenworth 
H.  C.  Lord 


Carl  A.  R.  Lundin 
C.  H.  McLeod 

F.  R.  Moulton 
E.   Miller 

G.  W.  Myers 
Simon  Newcomb 
E.  F.  Nichols 
John  A  Parkhurst 
Henry  M.  Paul 
W.  W.  Payne 

E.  C.  Pickering 
Charles  Lane  Poor 
Henry   S.   Pritchett 

A.  W.   Quimby 
J.  K  Rees 

G.  W.  Ritchey 
Charles  H.  Rockwell 
Carl  Runge 
Frederick   H.   Searcs 

B.  W.    Snow 
M.  B.  Snyder 

C.  D.  Swezey 
Milton  Updegraff 
Winslow  Upton 
J.  M.  VanVleck 
Frank  W.  Verj- 

F.  L.  O.  Wadsworth 
Mary  W.  Whitney 


Many  other  well-known  men  of  science,  who  were  unable  to  take 
part  in  the  Conference,  were  present  at  the  dedicatory  exercises. 
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ABSTRACTS  OF  PAPERS 

The  following  synopses  of  the  papers  read  at  the  astronomical 
and  astrophysical  conferences  held  at  the  Yerkes  Observatory  in 
connection  with  the  dedication,  have  been  prepared  by  the  authors. 
In  some  cases  only  the  title  is  given,  on  account  of  the  author's 
desire  to  publish  the  complete  paper  in  the  Astrophysical  Journal 
or  elsewhere.  The  order  of  the  papers  is  that  in  which  they  were 
read  at  the  conferences. 


ON  THE  MODE  OF  PRINTING  MAPS  OF  SPECTRA  AND 
TABLES  OF  WAVE-LENGTHS. 

BY  ARTHUR  SCHUSTER. 

My  opinion  with  regard  to  the  mode  of  printing  maps  of  spectra 
and  tables  of  wave-lengths  agrees  very  nearly  with  that  expressed 
by  Professor  Keeler  in  the  Astrophysical  Journal  for  August,  1897. 
It  does  not  seem  to  me  a  matter  of  very  great  importance  what  de- 
cision is  arrived  at,  but  in  whatever  way  the  question  is  settled,  all 
spectroscopists  should  conform  to  a  uniform  practice,  even  if  it 
involves  a  little  personal  inconvenience  at  first.  In  making  the  few 
remarks  which  have  occurred  to  me  in  connection  with  this  matter 
I  will  take  up  the  two  questions  separately. 

I.  Mode  of  printing  maps. — What  has  determined  the  mode  of 
printing  maps  ?  No  doubt  the  particular  construction  of  the  spectro- 
scopes employed  by  different  observers.  Fraunhofer  must  have  had 
his  spectroscope  constructed  so  that  he  saw  the  red  to  the  left,  while 
Kirchhoff  placed  his  prisms  so  that  he  saw  the  colors  of  the  spectrum 
in  the  reverse  direction.  Many  students  first  become  acquainted 
with  the  appearance  of  the  spectrum  by  means  of  the  plates  copied 
from  Bunsen  and  Kirchhoff's  first  paper,  in  which  the  red  is  placed 
on  the  left ;  and  hence  they  cannot  picture  to  themselves  the  spectrum 
in  any  other  way.  Small  spectroscopes  are  also,  I  believe,  almost 
invariably  made  now  so  as  to  place  the  red  on  the  left.  The  only 
reason  for  this  that  I  can  see,  is  that  the  observer  while  looking  at 
the  spectroscope  ought  to  be  able  to  handle  the  slit  and  flame  or 
spark  in  front  of  the  slit,  and  it  is  generally  more  convenient  for 
him  to  use  his  right  hand  for  the  purpose.  With  single-prism 
spectroscopes  this  would  render  it  necessary  to  construct  them  so 
that  the  red  is  on  the  left.  But  that  is  not  an  important  matter,  for 
physicists  ought  to  be  able  to  open  or  close  the  slit  with  the  left  hand. 
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It  would  be  well,  however,  if  the  practice  of  placing  the  red  is  ad- 
hered to,  to  get  the  instrument  makers  to  construct  their  spectro- 
scopes accordingly,  and  architects  to  build  their  lecture  rooms  with 
the  lantern  on  the  right  and  the  screen  on  the  left.    There  may  be 
some  natural  tendency  in   human  beings   which   would   favor  one 
direction  more  than  another.    The  way  to  find  this  out  would  be  to 
place  a  small  direct  vision  spectroscope  in  the  hands  of  scientifically 
uneducated  persons  and  to  observe  which  way  they  hold  it.    My  own 
experience  would  lead  me  to  think  that  they  would  place  the  slit 
horizontal,  so  that  the  red  would  be  either  top  or  bottom ;  and  there 
may  even  be  something  to  be  argued  in  favor  of  that  practice.     I 
only  bring  out  these  points  to  show  that  one  might  discuss  the 
question  indefinitely,  and  if  one  could  start  fresh  from  the  beginning 
I  do  not  know  whether  the  balance  of  unimportant  considerations 
would  not  turn  in  favor  of  having  the  red  on  the  left.     But  Row- 
land's map  is  constructed  with  the  red  on  the  right,  and  this  fact 
outweighs,  in  my  opinion,  all  other  considerations.    In  the  majority 
of  spectroscopic  investigations  of  the  present  day  Rowland's  map 
has  to  be  used,  and  it  would  be  unbearable  always  to  have  to  invert 
the  direction.    I  should  be  sorry,  therefore,  if  the  present  practice  of 
the  Astrophysical  Journal  were  altered.     Any  one,  of  course,  is  at 
liberty  to  print  a  scale  with  inverted  numbers  at  the  bottom  of  a  map, 
so  that  by  turning  the  page  around  the  smaller  wave-lengths  appear  , 
on  the  right.    The  question  of  series  of  lines  I  will  discuss  presently. 
2.     Mode  of  printing  tables. — Here  also  most  arguments  which 
have  been  used  in  favor  of  one  practice  rather  than  another  do  not 
seem  to  me  of  ver>'  great  weight.    Wave-frequencies  are  quantities 
as  important  as  wave-numbers,  and  if  the  latter  succeed  each  other 
according  to  increasing  figures,  the  former  do  so  in  the  opposite 
way.    But  here  the  question  of  series  has  to  be  taken  into  consider- 
ation.   It  certainly  seems  more  natural  to  print  a  series  of  lines  which 
gradually  become  fainter  so  that  the  strongest  should  appear  at  the 
top.    I  would  for  this  reason  favor  the  reversal  of  the  practice  recom- 
mended by  the  Editorial  Board.    It  has  been  argued  that  in  printing 
maps  the  first  and  strongest  lines  of  the  series,  and  hence  the  red 
end,  should  be  on  the  left,  but  I  do  not  see  that  this  is  a  matter  of 
paramount  importance.    To  my  mind  a  series  looks  as  well  with  the 
tail  at  the  left  as  the  other  way  around ;  with  the  present  practice  of 
the  Journal  no  doubt  the  characteristic  numbers  of  the  lines  in  the 
series  would  increase  from  right  to  left,  but  I  do  not  know  that  this 
is  unnatural.    A  great  many  nations  write  from  right  to  left  and  if 
one  were  to  count  a  row  of  soldiers  it  would  be  as  easy  to  begin  at 
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one  end  as  at  the  other.  Those  who  are  accustomed  to  consider  a 
positive  rotation  as  one  opposite  to  that  of  the  hands  of  a  watch 
would,  I  believe,  not  find  it  unnatural  when  the  first  impulse  is  over- 
come to  look  at  the  series  as  beginning  on  the  right  hand  side  and 
tailing  off  on  the  left.  Counting  things  from  right  to  left  seems 
to  me  to  belong  to  a  more  advanced  civilization  than  our  present 
practice,  which  is  the  consequence  of  the  apparent  rotation  of  the  sun 
around  the  earth.  As  soon  as  we  realize  that  it  is  the  earth  that 
rotates,  the  left  handed  way  of  counting  becomes  the  more  natural 
one.  Giving  all  due  weight  to  the  fact  that  Kayser  and  Runge's 
practice  is  to  have  the  head  of  the  series  on  the  left,  I  believe  that 
Rowland's  map  must  settle  the  question  as  to  the  position  of  the 
red  end,  while  in  the  matter  of  printing  tables  the  increasing  impor- 
tance of  Kayser  and  Runge's  series  renders  it  advisable  to  reconsider 
and  probably  reverse  the  present  mode  followed  by  the  Astrophysical 
JourvMl. 

While  I  am  writing  on  these  subjects  I  should  like  to  mention  two 
matters  which  might  deserve  the  attention  of  the  Board  of  Editors. 
One  is  the  position  of  the  decimal  point  in  tables  of  wave-lengths  or 
wave-numbers.  In  tables  of  the  former,  the  practice  of  giving  four 
figures  in  front  of  the  decimal  point  is  almost  universally  adopted, 
and  should,  in  my  opinion,  be  adhered  to.  But  no  general  system 
is  followed  for  wave-frequencies,  and  there  seems  to  me  to  be  a  great 
advantage,  chiefly  as  a  help  to  the  memory,  if  the  number  given 
should  always  be  the  number  of  wave-lengths  in  the  centimeter. 
This  would  give  five  figures,  the  wave-number  for  green  light,  e.  g., 
being  20000. 

The  other  question  refers  to  the  notation  for  the  intensity  of  light. 
I  do  not  know  whether  it  will  be  possible  at  the  present  stage  of 
science  to  come  to  a  definite  agreement,  owing  to  the  difficulty  of 
using  the  same  system  for  two  such  very  different  things  as  the 
solar  spectrum  and  a  spark  spectrum.  As  a  first  step,  however,  I 
should  like  to  urge  that  the  higher  intensities,  whatever  the  scale, 
should  always  be  denoted  by  the  higher  numbers.  This  is  the  practice 
adopted  by  the  majority  of  physicists,  and  it  is  a  matter  of  some 
inconvenience  to  compare  together  the  results  of  two  researches,  in 
one  of  which  the  number  one  denotes  the  greatest  intensity,  while 
in  the  other  the  same  number  stands  for  the  weakest  line.  A  scale 
reaching  from  one  to  ten,  using  decimal  points  if  necessary,  might 
perhaps  commend  itself,  but  personally  I  am  willing  to  adopt  any 
practice  which  may  be  decided  upon. 

A  general  discussion  followed  the  reading  of  Professor  Schuster's 
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paper.  Professor  Riinge  thought  that  the  mode  of  printing  tables 
and  the  mode  of  printing  maps  were  two  distinct  questions.  The 
occurrence  of  hne  series  in  the  spectra  of  the  elements  had  an  impor- 
tant bearing  on  the  first  question.  In  a  table  beginning  with  short 
wave-lengths  the  uncertain  lines  are  at  the  top,  which  is  an  incon- 
venience. On  the  other  hand  it  is  generally  more  convenient  to  have 
the  numerical  values  in  the  table  increase  toward  the  bottom.  A 
map  can  easily  be  turned  end  for  end  when  it  is  necessary  to  compare 
it  with  another  printed  in  the  reverse  direction.  He  did  not  think 
the  subject  an  important  one,  was  prepared  to  accept  a  decision  in 
favor  of  either  method,  but  thought  harm  was  done  by  making  a 
rule. 

After  further  discussion  the  following  resolution  was  adopted. 
Resolved:  That  the  Editorial  Board  [of  the  Astrophysical  JonniaJ] 
adhere  to  the  present  practice  of  beginning  tables  with  the  short 
wave-lengths  and  of  printing  maps  of  the  spectrum  with  the  red  end 
on  the  right,  except  in  cases  where  a  wish  to  the  contrary  is  expressed 
by  the  author  of  any  contributed  paper. 

Professor  Schuster's  suggestion  regarding  the  p>osition  of  decimal 
point  in  wave-numbers  (the  number  given  being  the  number  of 
wave-lengths  in  the  centimeter)  was  generally  approved. 

SPECTROSCOPIC  NOTES. 

BY  SIR  WILLIAM  AND  LADY  IIUGGINS. 

This  paper  is  printed  in  full  in  the  Astrophysical  Journal  for 
November,  1897,  (Vol.  VI,  p.  322).  It  contains  accounts  of  the 
spectra  of  the  stars  in  the  trapezium  of  the  Great  Nebula  of  Orion, 
the  spectra  of  the  colored  components  of  p  Cygni,  the  ultra  violet 
spectra  of  Vega  and  Arcturus,  and  the  efTect  of  density  on  the  spec- 
trum of  calcium. 

THE  VARIABLE  STAR  WORK  OF  THE 
HARVARD  OBSERVATORY. 

BY  E.  C.  PICKERING. 

Professor  E.  C.  Pickering  described  the  studies  of  variable  stars 
in  progress  at  the  Harvard  College  Observatory.  Variables  of  long 
period  have  been  observed  for  many  years  throughout  their  varia- 
tions, at  minimum  as  well  as  at  maximum.  A  sequence  of  compari- 
son stars  is  selected  for  each,  the  variable  is  compared  by  Argelan- 
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der's  method,  and  all  the  results  reduced  to  a  uniform  scale,  that  of 
the  meridian  photometer.  Short  period  variables  are  measured 
with  the  meridian  photometer  and  with  a  polarizing  photometer 
attached  to  the  large  telescope.  Smooth  light  curves  are  thus  ob- 
tained. The  variable  stars,  SS  Cygni  and  U  Geminorum,  form  a 
peculiar  class.  The  first  of  these  stars  was  observed  on  about  two 
hundred  nights.  Photometric  observations  of  it  were  made  extend- 
ing over  the  whole  of  one  night  during  its  rapid  increase.  Many 
thousand  observations  have  been  made  of  the  Algol  stars,  especially 
of  U  Cephei  and  W  Delphini,  the  most  accurate  time  keepers  we  have 
outside  of  the  solar  system. 

STUDIES  OF  THE  ELECTRIC  ARC. 

BY  HENRY  CREW. 

Professor  Crew  described  a  method  of  studying  the  electric  arc 
which  had  been  devised  by  himself  and  Mr.  O.  H.  Basquin. 

By  working  the  arc  in  a  hood  filled  with  a  gas  which  has  no 
chemical  action  upon  the  electrodes,  they  avoid  any  luminosity  which 
might  be  called  a  'chemical  effect.' 

By  the  use  of  a  rapidly  rotating  occulting  screen,  they  examine 
the  arc  immediately  after  the  current  has  been  cut  oflf,  and  thus  avoid 
any  luminosity  which  might  be  called  an  'electric  effect.' 

By  the  use  of  an  alternating  current,  interrupted  at  the  moment 
when  the  current-curve  crosses  the  axis  of  X,  they  avoid  "self-in- 
duction effects."  In  this  manner  the  "purely  thermal  effects"  are 
isolated. 

It  is  found,  however,  that  when  the  current  is  shut  off  different 
parts  of  the  arc  persist  for  different  lengths  of  time.  A  spectro- 
scopic examination  of  the  different  parts  of  the  arc,  and  of  arcs  in 
different  gases,  is  now  in  progress. 

RESEARCH  WORK  AT  THE  WASHBURN  OBSERVATORY. 

STELLAR  PARALLAX,  THE  LUNAR  ATMOSPHERE, 

THE  OCULAR  HELIOMETER. 

BY  GEORGE  C.  COMSTOCK. 

The  following  summary  of  a  paper  presented  to  the  astronomical 
conferences  at  the  Yerkes  Observatory  is  limited  to  two  of  the  lines 
of  research  now  in  progress  at  the  Washburn  Observatory,  one  by 
Mr.  A.  S.  Flint,  being  an  extensive  series  of  determinations  of  stellar 
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parallax  made  with  the  Repsold  meridian  circle  used  as  a  transit 
instrument  in  accordance  with  the  principles  outlined  by  Kapteyn 
{Leyden  Annalen,  Bd.  VIII),  the  other,  of  very  much  less  extent, 
being  an  investigation  by  the  Director  of  the  Observatory  of  the 
limits  of  the  density  of  an  assumed  lunar  atmosphere  whose  existence 
is  affirmed  by  many  selenographers.  In  connection  with  the  latter 
subject  there  was  exhibited  a  Steinheil  ocular  heliometer  obtained 
for  use  in  this  investigation,  but  which  in  its  present  form  has  proved 
unsatisfactory  because  certain  conditions  which  theory  indicates  as 
essential  in  such  an  instrument  were  not  observed  in  its  construction. 

A  brief  notice  of  this  type  of  micrometer  has  been  given  by  Gill 
(Encyclopedia  Britaimica,  Article  "Micrometer"), who  condemns  it  as 
a  failure ;  and  a  much  more  complete  account  by  Von  Konkoly  (Cen- 
traheitung  fiir  Optik  und  Mcchanik,  July,  1885),  who  assigns  it  the 
first  rank  among  all  known  forms  of  double  image  micrometer.  The 
writer  of  the  present  lines  can  not  agree  entirely  with  either  of  these 
critics,  but  regards  the  instrument  as  possessing  good  points  which 
at  present  are  rendered  in  great  part  nugatory  by  theoretical  defects 
of  construction,  whose  exposition  lies  beyond  the  scope  of  the  pres- 
ent article. 

The  determination  of  the  relative  parallaxes  through  observed 
differences  of  right  ascension  contains  nothing  novel  in  principle, 
but  the  method  does  not  appear  to  have  been  applied  systematically 
and  successfully  save  by  Kapteyn  and  in  the  work  here  to  be  outlined. 
The  observing  program  contained  about  a  hundred  stars  chosen  for 
the  most  part  with  reference  to  large  proper  motion  and  intended  to 
comprise  every  star  within  one  hundred  and  twenty  degrees  of  the 
north  pole  whose  proper  motion  exceeds  one  second  of  arc  of  a 
great  circle.  A  certain  number  of  these  stars  were,  however,  dropped 
from  the  list  as  being  too  faint  for  the  modest  aperture,  122  mm.  of 
the  instrument,  and  their  places,  together  with  other  lacunae,  were 
filled  with  other  stars,  usually  interesting  binaries  or  bright  stars 
whose  parallaxes  elsewhere  determined  may  serve  as  a  control  upon 
the  general  accuracy  attained. 

A  normal  observation  consists  in  recording  chronographically  the 
times  of  transit  over  twenty-five  threads  of  the  star  in  question  and 
two  comparison  stars  so  chosen  that  the  star  under  investigation  shall 
as  nearly  as  may  be  bisect  the  arc  joining  them.  It  was  in  most  cases 
feasible  to  select  comparison  stars  which  had  not  previously  been 
employed  for  parallax  determinations,  but  in  some  few  cases,  e.  g., 
Sirius  and  61  Cygni,  this  was  not  done  and  could  not  be  done  without 
an  undue  sacrifice  of  other  conditions.    All  of  the  stars  observed  were 
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reduced  to  an  approximate  equality  of  brightness  by  the  interposi- 
tion of  wire  gauze  screens  immediately  in  front  of  the  objective.  An 
elevated  track  attached  to  the  walls  of  the  observing  room  supported 
these  screens  and  permitted  their  convenient  adjustment  without 
allowing  any  part  of  the  apparatus  to  come  into  contact  with  the 
telescope  or  its  supports. 

The  parallax  observations  were  commenced  in  October,  1893,  and 
terminated  in  August,  1896,  and  the  very  laborious  reductions  are 
now  sufficiently  advanced  to  furnish  the  following  results,  each  of 
w^hich  has  been  derived  from  a  least  squares  solution  involving  in 
addition  to  the  parallax  a  correction  to  the  assumed  relative  star 
places  and  proper  motion. 
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According  to  Neison  every  selenographer  of  consequence  has  rec- 
ognized traces  of  a  lunar  atmosphere  which  could  not  be  questioned 
were  it  not  for  the  authority  of  Bessel,  whose  mathematical  analysis 
of  the  conditions  at  the  lunar  surface  has  seemed  to  preclude  the 
possibility  of  any  considerable  atmosphere.  Neison,  justly  impug- 
ning the  validity  of  this  analysis  has  contended  vigorously  for  the 
existence  of  an  atmosphere,  not  indeed  comparable  in  density  with 
that  of  the  earth,  but  sufficient  to  modify  profoundly  the  physical 
conditions  of  the  lunar  surface,  and  some  recent  observers  have 
sought  to  show  the  existence  of  a  sensible  refraction  in  the  light  of 
an  object  about  to  be  occulted  at  the  moon's  limb. 

It  is  generally  conceded  that  such  a  refraction  furnishes  the  most 
delicate  test  of  the  presence  of  an  atmosphere,  and  although  the  rela- 
tion between  the  physical  characteristics  of  the  supposed  atmosphere 
(pressure,  temperature,  refractive  index,  law  of  diminishing  temper- 
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ature  with  increasing  elevation)  and  the  amount  of  the  horizontal 
refraction  is  not  an  altogether  simple  one,  no  plausible  relation  can 
be  assumed  among  these  quantities  which  will  reconcile  the  absence 
of  refraction  with  the  presence  of  any  considerable  atmosphere. 
Employing  for  the  horizontal  refraction  and  the  law  of  diminishing 
temperatures  the  expressions  of  Laplace  (Mccaniqnc  Celeste,  Liv. 
X),  and  assuming  the  lunar  atmosphere  at  standard  temperature  and 
pressure  to  have  the  same  refractive  index  as  air,  I  find  as  an  ap- 
proximate expression  for  the  relation  between  the  horizontal  refrac- 
tion, H,  and  the  density  p  ,  of  the  lunar  atmosphere  in  terms  of  the 
earth's  atmosphere  at  sea  level  assumed  as  unity, 

H  =  484"  P(i  -  T/546) 
where  r  represents  the  temperature  at  the  moon's  surface  in  degrees 
Centigrade. 

It  has  been  customary  to  assume  upon  the  authority  of  the  Green- 
wich occultations  that  H  may  be  as  great  as  i"  or  2",  but  this  and 
all  similar  determinations  appear  fatally  defective  in  that  the  result 
depends  upon  an  assumed  value  of  the  moon's  semidiameter,  and  I 
have  sought  to  obtain  a  value  of  H  free  from  this  assumption  by  com- 
paring with  the  filar  micrometer  of  the  forty-centimeter  Clark  equa- 
torial the  relative  position  of  two  stars  as  the  moon  approaches  them ; 
continuing  the  observations  up  to  the  moment  of  occultation  of  one 
of  these  stars.  The  distance  from  the  moon's  limb  at  which  the  ap- 
parent position  of  a  star  may  be  assumed  unaflfected  by  the  lunar 
atmosphere  depends  upon  the  extent  and  density  of  the  latter,  and  I 
have  provisionally  assumed  as  a  result  of  the  analysis  leading  to  the 
relation  between  H  and  p  above  given  that  if  the  horizontal  refraction 
does  not  exceed  i"  the  eiTect  of  refraction  will  not  in  general  be 
sensible  until  within  two  minutes  of  the  occultation  of  the  star. 

The  observations  thus  outlined  are  difficult  of  execution  and  stars 
suitably  placed  can  not  be  found  at  all  times,  but  practice  and  pa- 
tience have  in  some  measure  overcome  these  difficulties  and  have 
furnished  the  following  results  for  the  amount.  2H,  by  which  a  star 
at  occultation  is  thrust  away  from  the  moon's  limb.  Each  result  is 
entirely  independent  of  the  others  and  is  derived  from  an  immersion 
at  the  moon's  dark  limb. 

Date  2  H  Date  2  H 

1897,   May  8    —  o".3  1897,   July   S    —  o".o 

8  -1-  o  .0  6    -f  o  .7 

9  H-  o  .3  Oct.  3  —  0  .6 
9  -I-  o  .2  3  +  o  .3 
9    —  o  .4  3    —  o  .8 

July  5    -f  o  -3  3    —  o  .4 
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The  mean  of  these  results  furnishes  // =  —  o".03,  which  differs 
from  zero  by  less  than  its  own  probable  error  and  which  appears 
to  me  absolutely  irreconcilable  with  any  such  value  as  H=i",  al- 
though the  number  of  results  thus  far  obtained  is  not  sufficient  to 
furnish  a  definite  value.  The  temperature  at  the  dark  limb  of  the 
moon  is  almost  certainly  below  o°  C.  and  if  we  adopt  this  value  for  t 
and  take  as  the  maximum  permissible  value  of  //,  one-tenth  of  a 
second  of  arc,  we  shall  have 

p  =  1/4840, 

i.  e.,  the  maximum  density  of  the  permanent  lunar  atmosphere  can 
not  much  exceed  one-five-thousandth  part  of  the  density  of  the  terres- 
trial atmosphere.  If,  as  has  been  supposed  by  some  astronomers, 
ice  exists  in  considerable  quantities  at  the  surface  of  the  moon,  the 
change  of  temperature  which  accompanies  the  transition  from  night 
to  day  may  produce  a  local  and  temporary  atmosphere  of  aqueous 
vapor  in  certain  parts  of  the  moon's  surface  and  it  is  to  be  noted  that 
the  foregoing  observations  furnish  no  information  with  regard  to 
the  presence  or  absence  of  such  an  atmosphere,  since  they  were  all 
made  on  the  night  side  of  the  moon. 

THE  AIM  OF  THE  YERKES  OBSERVATORY. 

BY  GEORGE  E.   HALE. 

This  paper  is  printed  in  full  in  the  Astrophysical  Journal  for  No- 
vember, 1897,  Vol.  VI,  page  310. 

SPECTRA  OF  STARS  OF  SECCHFS  THIRD  TYPE 

BY  JAMES  E.  KEENER. 

Professor  Keeler  showed  on  the  screen  a  series  of  photographs  of 
stellar  spectra,  mostly  belonging  to  Secchi's  third  type.  The  slides 
were  positive  enlargements  (ten  diameters)  of  negatives  made  with 
the  thirteen-inch  refractor  and  star  spectroscope  of  the  Allegheny 
Observatory.  Some  of  the  spectra  had  been  widened,  by  means  of 
a  movable  camera,  during  the  process  of  enlargement.  They  showed 
a  great  amount  of  detail  which  can  be  seen  only  with  great  difficulty 
by  direct  observation  with  the  spectroscope.  Five  slides  were  re- 
quired to  show  the  spectrum  of  a  Orionis  from  D  to  F. 

In  photographing  the  less  refrangible  regions  of  stellar  spectra 
the  chief  difficulties  arise  from  the  unequal  sensitiveness  of  ortho- 
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chromatic  plates  to  waves  of  different  wave-lengths.  The  inequali- 
ties of  density  thus  produced  can  be  partially  corrected  in  making 
the  enlargements,  by  suitably  graduating  the  exposure,  but  only  a 
comparatively  short  range  of  spectrum  can  be  well  represented,  and 
a  number  of  different  negatives  are  required  to  exhibit  satisfactorily 
the  whole  region  which  the  plate  is  capable  of  yielding.  This  region, 
however,  often  contains  the  most  interesting  and  characteristic  fea- 
tures of  the  spectrum. 

The  series  of  slides  included  the  spectra  of  a  Bootis,  a  Aurigae, 
a  Tauri,  a  Orionis,  a  Scorpii,  /?  Pegasi,  and  a  Herculis,  in  which  may 
be  observed  a  transition  from  the  second  to  the  third  type.  In  stars 
Hke  a  Orionis,  the  lines  are  essentially  those  of  the  solar  spectrum, 
but  the  relative  intensities  are  not  the  same,  and  the  general  aspect 
of  the  spectrum  is  quite  different  from  the  spectrum  of  the  sun.  The 
dark  bands  characteristic  of  third-type  stars  are  well  shown,  though 
they  are  not  resolved  into  lines.  The  separate  lines  are  doubtless  far 
beyond  the  resolving  power  of  the  instrument.  These  bands  are 
not  always  terminated  by  strong  metallic  lines,  and  the  appearance 
noted  by  early  observers  was  probably  due  to  insufficient  optical 
power.  The  strong  lines  are  mostly  those  of  iron,  apparently  the  low 
temperature  lines.  Their  relatively  greater  strength  in  the  star 
spectrum  gives  to  some  well-known  solar  groups  (notably  the  b 
group)  quite  an  unfamiliar  aspect. 

In  a  Herculis  only  a  comparatively  few  of  the  strong  metallic 
lines  remain,  while  the  bands  are  deep,  and  beautifully  distinct.  It 
is  impossible  to  avoid  the  conclusion  that  the  edges  of  the  zones 
bordering  on  the  dark  bands  are  bright — much  brighter,  that  is,  than 
the  average  continuous  spectrum — and  that  they  are  due  to  a  real 
predominance  of  emission  at  the  regions  of  the  spectrum  in  which 
they  occur.  They  are  not  merely  the  effect  of  absorption  in  adjoin- 
ing regions.  In  the  case  of  stars  like  a  Orionis,  of  a  less  pure  type, 
such  a  conclusion  could  not  be  safely  drawn ;  yet  the  superior  bright- 
ness of  the  spectrum  at  these  places  is  obvious,  and  it  can  be  traced 
even  in  second-type  stars.  May  there  not  after  all  be  bright  regions 
in  the  solar  spectrum,  such  as  Draper  supposed  he  had  found  in  the 
places  of  the  bright  oxygen  lines  ?  And  what  is  the  relation  between 
the  dark  bands  in  third-type  stars  and  the  bright  zones  which  border 
on  them? 
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THE    STELLAR    SPECTROGRAPHIC    WORK    OF    THE 
EMERSON  McMILLLM  OBSERVATORY. 

BY  H.  C.  LORD. 

In  giving  an  account  of  my  experience  in  the  determination  of 
motions  in  the  line  of  sight,  I  would  call  attention  to  the  great  diffi- 
culty attending  such  work  when  the  telescope  employed  is  not  cor- 
rected for  the  photographic  portion  of  the  spectrum.  Numerous 
attempts  were  made  in  the  fall  of  1896,  but  the  results  were  unsatis- 
factory and  the  special  photographic  corrector  described  in  the 
Astrophysical  Journal,  Vol.  VL  page  87,  was  ordered.  This  lens 
was  not  in  place  until  June,  1897,  and  it  was  not  until  July  that  the 
adjustments  were  completed  so  that  systematic  work  could  be  started. 
A  reflecting  slit  was  employed  on  account  of  its  superior  advantages 
in  following.  A  90°  total  reflecting  prism  was  used  to  reflect  the 
light  from  the  comparison  tube  (hydrogen)  on  the  slit.  To  adjust 
the  comparison  tube,  the  prisms  were  removed  and  a  ground  glass 
cap  placed  over  the  collimator  objective ;  the  entire  apparatus  was 
then  moved  until  with  a  wide  slit  the  collimator  was  shown  to  be  full 
of  light.  The  slit  was  then  closed  to  the  desired  width,  about  the 
i/iooo  part  of  an  inch.  In  this  way  a  number  of  photographs  were 
taken,  which,  though  for  the  most  part  fairly  satisfactory,  showed 
some  large  discordances.  A  careful  investigation  of  the  instrument 
was  then  undertaken  and  the  trouble  finally  located  in  the  jaws  of 
the  slit,  as  it  was  found  that  as  the  slit  was  closed  a  shadow  would 
creep  across  the  collimator  objective  from  one  side,  upon  which  no 
adjustment  of  the  comparison  tube  produced  the  slightest  eflfect. 

The  reflecting  slit  was  then  replaced  by  one  of  the  ordinary  form 
and  the  hydrogen  tube  placed  directly  in  the  cone  of  rays  about 
seven  inches  in  front  of  the  slit,  being  turned  out  of  the  way  during 
the  exposure  on  the  star.  A  number  of  photographs  of  the  sky 
showed  satisfactory  agreement  between  the  solar  and  artificial  Hy, 
the  maximum  displacement  being  only  0.002  mm. 

As  this  trouble  was  not  discovered  until  late  in  August,  but  few 
results  can  be  shown.  Observations  of  7  Cygni,  a  Orionis,  e  Pegasi, 
a  Cassiopeiae,  and  Venus  showed  a  constant  positive  difference  from 
the  Potsdam  results  on  the  stars  and  the  computed  velocity  of  Venus, 
It  occurred  to  me  that  this  might  be  due  to  a  personal  equation  de- 
pending upon  the  direction  of  the  plates  under  the  miscroscope.  In 
every  case  the  red  end  had  been  placed  on  the  right.  The  plates 
were  remeasured  with  the  red  end  on  the  left  and  a  similar  negative 
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difference  found,  the  mean  of  the  two  agreeing  in  almost  every  case 
with  the  Potsdam  values.  [For  details  see  Astrophysical  Journal, 
Vol.  VI,  p.  425]. 


ON  THE  APPLICATION  OF  DIFFRACTION  PHENOMENA 

TO  ASTRONOMICAL  AND  ASTROPHYSICAL 

MEASUREMENT. 

BY  F.   L.  O.   WADSWORTH. 


OXYGEN  IN  THE  SUN. 

BY   C.  RUNGE. 

When  I  asked  Professor  Hale  to  put  the  subject  of  "Oxygen  in 
the  Sun"  on  the  list  for  the  conferences,  I  thought  that  we  should 
have  a  discussion  about  it.  I  have  learned,  however,  since  then,  that 
there  is  no  more  occasion  for  controversy,  the  former  opponent  now 
holding  the  same  views.  Let  me  therefore  merely  state  how  the 
evidence  for  the  presence  of  oxygen  in  the  sun  now  stands. 

Professor  Paschen  and  I  discovered  three  strong  lines  in  the 
utmost  red  part  of  that  spectrum  of  oxygen  which  Schuster  has 
called  the  compound  line  spectrum.  It  is  produced  in  a  vacuum  tube 
by  an  induction  current,  without  a  Leyden  jar  and  without  a  spark 
gap.  On  measuring  these  three  lines  we  found  that  they  coincided 
as  nearly  as  we  could  make  out,  with  three  Fraunhofer  lines  that  we 
found  in  the  photographs  made  of  this  region  by  McClean  and  Higgs. 
The  relative  intensities  were  also  the  same,  and  this  region  of  the 
spectrum  not  having  many  lines,  there  remains  very  little  doubt 
that  the  coincidences  are  real.  As  to  the  proof  of  the  presence  of 
oxygen  in  the  sun,  it  therefore  only  remained  to  be  shown  that  these 
three  lines  are  not  produced  in  the  earth's  atmosphere,  but  that  they 
are  true  solar  lines. 

When  Paschen  and  I  published  this  result,  Mr.  Jewell  immediately 
took  up  the  question.  He  examined  the  three  Fraunhofer  lines  and 
came  to  the  conclusion  that  they  were  atmospheric  lines  due  to  water 
vapor.  Now  this  conclusion  seemed  to  us  very  impossible  indeed. 
We  were  ready  to  accept  the  view  that  the  lines  were  due  to  atmos- 
pheric oxygen.  But  that  they  were  due  to  water  vapor  would  make 
the  coincidences  with  the  lines  of  the  vacuum  tube  accidental,  and 
three  lines  coinciding  with  lines  of  the  same  relative  intensities  in  a 
region  that  contained  so  few  lines,  we  could  not  believe  to  be  a 
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matter  of  chance.  It  was  for  this  reason  that  I  asked  Professor  Hale 
to  let  me  have  a  discussion  with  Mr.  Jewell  at  the  conferences. 
Since  his  first  observations,  however,  Mr.  Jewell  has  not  remained 
satisfied  with  the  evidence,  and  he  found  that  he  had  been  misled 
by  the  want  of  a  proper  absorbent  of  the  second  order  spectrum,  that 
overlaps  the  first  order  spectrum,  in  which  he  was  observing.  The 
second  order  spectrum  makes  the  Fraunhofer  lines  of  the  first  order 
shine  with  violet  light,  and  as  the  absorption  of  the  violet  light 
increases  more  rapidly  with  the  sun's  zenith  distance  than  the  ab- 
sorption of  red  light,  the  first  order  lines  seemed  to  increase  in  in- 
tensity. After  he  found  the  right  sort  of  absorbent  to  cut  off  the 
second  order  he  rejxirted  his  observations,  and  the  result  is  that 
he  now  withdraws  his  first  conclusion.  He  finds  that  as  far  as  his 
observations  go  the  intensity  of  the  three  lines  in  question  alters  in 
the  same  way  as  true  solar  lines. 

One  might  therefore  almost  say  that  the  presence  of  oxygen  in 
the  sun  is  proved.  Further  evidence  is  gained  from  other  lines. 
Paschen  and  I  have  shown  that  this  red  triplet  is  the  first  member 
of  a  principal  series.  We  have  found  and  measured  the  second 
member,  a  triplet  of  the  same  build  but  narrower — as  narrow  as  the 
laws  of  the  principal  series  requires  it  to  be.  This  triplet  also  coin- 
cides with  Fraunhofer  lines,  only  that  the  middle  line  is  hidden  by 
an  iron  line.  The  other  two  lines,  however,  agree  in  position  satis- 
factorily with  Fraunhofer  lines  of  unknown  origin.  These  Fraun- 
hofer lines  are  undoubtedly  true  solar  lines,  because  on  negatives 
made  at  Johns  Hopkins  University  they  show  by  their  shifting 
the  motion  of  the  sun's  limbs  in  the  line  of  sight.  This  proof  of  the 
presence  of  oxygen  in  the  sun  I  would  regard  as  conclusive,  if  the 
lines  in  this  part  of  the  solar  spectrum  were  not  so  closely  set.  The 
evidence  of  a  real  coincidence  is  inversely  proportional  to  the  density 
of  the  lines,  and  therefore  it  is  much  more  convincing  in  the  red  part 
of  the  spectrum. 

The  proof  would  be  conclusive  if  it  were  shown  that  the  three  red 
lines  shift  on  the  limbs  of  the  sun,  and  we  hope  that  some  one  better 
equipped  for  this  kind  of  work  than  we  are  will  take  up  the  subject 
and  will  once  for  all  settle  the  question. 


i6  ASTRONOMICAL  AND  ASTROPHYSICAL 

EFFECT  OF  PRESSURE  ON  WAVE-LENGTH. 

BY  \V.  J.  HUMPHREYS. 

Increase  of  pressure  about  an  electric  arc  increases  the  wave- 
lengths of  the  spectral  lines  so  produced.  This  increase  is  very 
different  for  different  elements  and  also  for  different  series  of  lines 
of  the  same  element,  but  the  results  of  the  investigation  can  be  ex- 
pressed fairly  well  by  the  simple  equation : 

AX  =  a/3X(/,  —  p,), 

where  AA  is  the  increase  in  the  wave-length  X  of  any  given  line  pro- 
duced by  the  increase  of  pressure  p  —  Po>  P  ^  constant  for  any  series 
of  lines  and  a  a  constant  for  any  element.  That  is  ^  for  any  series 
of  a  given  element  is  the  same  as  y3  for  the  corresponding  series  of 
any  other  element,  while  a  for  any  series  of  a  given  element  is  the 
same  as  a  for  any  other  series  of  the  same  element.  If  we  write  jS^ 
for  the  principal  series,  p^  for  the  first  subordinate,  and  /S,  for  the 
second  subordinate,  then,  approximately,  fig  :  p^  :  p„=i  :  2  14. 

By  suitably  choosing /3, a  may  be  replaced  in  most  cases  by  i/T,  where 
T  is  the  absolute  temperature  of  the  melting  point  of  the  element  in 
question,  or  by  e  |/  Vj  where  e  is  the  coefficient  of  linear  expansion 
of  the  substance  in  the  solid  state  and  V  the  atomic  volume,  or  finally, 
for  either  half  of  a  Mendelejeff  group,  by  -^'^  W,  where  W  is  the 
atomic  weight.  From  this  last  expression  it  is  evident  that  a,  and 
therefore  AX,  is  a  periodic  function  of  atomic  weight,  and  conse- 
quently the  shifts  of  spectral  lines  may  be  compared  directly  with 
any  other  phenomenon  which  itself  is  a  periodic  function  of  the 
atomic  weight. 

THE  LATITUDE  WORK  OF  THE  FLOWER 
OBSERVATORY. 

BY  C.  L.  DOOLITTLE. 

I  have  been  asked  to  give  an  infonnal  account  of  the  latitude  work 
now  in  progress  at  the  Flower  Observatory,  University  of  Pennsyl- 
vania. As  to  the  method,  nothing  particularly  new  is  involved.  It 
is  a  continuation  with  a  better  instrument  and  under  what  are  be- 
lieved to  be  more  favorable  conditions  of  the  work  upon  which  I  was 
engaged  for  a  number  of  years  at  the  Sayre  Observatory,  Bethlehem. 

The  instrument  is  a  zenith  telescope  of  four  inches  aperture  and 
of  forty-eight  inches  focal  length,  by  Warner  &  Swasey. 
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We  have  introduced  a  feature  not  usually  found  in  connection  with 
this  class  of  instruments,  viz.,  two  pairs  of  long  focus  collimators  or 
mires,  for  the  purpose  of  facilitating  the  adjustment  in  azimuth  and 
collimation.  The  latter  is  somewhat  troublesome  with  instruments 
of  this  t3'pe;  the  telescope  not  being  symmetrically  placed  with  re- 
spect to  the  vertical  axis  it  is  not  possible  to  test  the  adjustment  by 
simple  reversal  as  with  the  transit  instrument.  It  was  a  matter  of 
time  and  patience  to  place  these  four  mires  in  position  and  to  adjust 
them  perfectly,  but  they  have  proved  to  be  very  stable,  and  by  their 
use  the  latitude  instrument  can  readily  be  kept  in  such  perfect  ad- 
justment that  any  star  found  on  the  observing  list  will  come  to  the 
middle  thread  within  a  fraction  of  a  second  of  its  appointed  time. 

Four  groups  of  stars  have  been  employed  for  latitude :  three 
groups  contain  ten  pairs,  and  one  group  nine.  Elsewhere  in  some 
cases  the  number  of  pairs  in  a  group  has  in  some  cases  been  limited 
to  six  or  seven ;  possibly  seven  pairs  will  give  results  nearly  as  good 
as  ten.  However,  when  the  instrument  has  been  adjusted  and  six 
or  seven  pairs  observed  it  involves  but  little  additional  trouble  to 
observe  two  or  three  more. 

It  is  an  easy  matter  to  state  the  condition  to  which  an  ideal  star 
list  should  conform,  but  like  other  ideals  this  one  can  not  be  realized 
in  practice.  Although  much  time  has  been  expended  upon  the  present 
list  it  falls  short  of  perfection  in  a  number  of  important  particulars. 
In  several  cases  the  choice  lay  between  the  admission  of  long  gaps 
in  the  series  or  the  filling  of  these  gaps  with  pairs  which  were  ob- 
jectionable in  one  way  or  another.  As  a  matter  of  fact,  in  so  far  as 
can  be  discovered  from  internal  evidence,  these  less  desirable  pairs 
appear  to  give  nearly  as  good  results  as  those  which  seemed  to  be 
deserving  of  more  confidence. 

The  distribution  in  right  ascension  is  as  follows : 

Group  I        5"  aS"- 

Group  II  12  48 

Group  III  17  19 

Group  IV  21  29 

Observation  began  October  i,  1896. 

Groups    IV  and        I  were  observed   f 
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The  internal  probable  error  of  a  single  determination  as  derived 
from  each  group  separately  is  as  follows : 

I,  o".i35        n,  o".i39       in,  o".i37       IV,  o".i42 
The  reduction  has  been  kept  well  in  hand  and  results  are  available 
up  to  August  26th.    They  are  as  follows : 

0  =  39°  58'  + 


I- Oct.    31 

IV  i".878 

I  I  "-945 

i-Nov.  27 

I  .783 

I  -939 

14-Jan.    II 

2  .079 

23-Feb.    16 

I  2  .067 

II  2  .117 

23-Mar.  13 

2  .060 

2  .231 

16- Apr.   20 

2  .262 

7- May  21 

II  2  .200 

III  2  .322 

22-June     2 

2  .202 

2  .301 

l8-July     4 

2  .246 

S-July    31 

III  2  .132 

IV  2  .307 

2- Aug.  26 

2  .243 

2  .291 

Mean 


1896— Oct. 

Nov. 
Dec. 
1897 — Jan. 
Feb. 
Mar. 
May 
May 
June 
July 
Aug. 

Although  these  results  are  in  a  manner  preliminary  it  is  not  likely 
that  any  great  modification  will  follow  a  more  elaborate  discussion. 
The  agreement  with  Chandler's  theory  is  very  satisfactory,  except 
that  the  last  two  values  differ,  somewhat  more  than  the  computed 
probable  error  would  lead  us  to  anticipate. 

For  the  purpose  of  illustrating  more  fully  the  character  of  the 
work,  the  individual  values  are  given  for  group  I,  Dec.  14  to  Jan.  11. 
The  third  place  given  above  is  the  mean  of  these. 
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These  values  are  reduced  to  the  mean  declination  of  the  group, 
hence  they  are  strictly  comparable.  It  will  be  observed  that  the 
extreme  range  is  o".C)j.  The  probable  error  of  a  single  observation 
computed  from  this  series  alone  is  o".i2y.  That  of  a  single  night's 
work  of  ten  determinations  is  o".40,  yet  it  will  be  noticed  that  with 
one  exception  every  value  on  December  25  is  smaller  than  that  deter- 
mined from  the  corresponding  pair  on  the  24th,  and  without  excep- 
tion smaller  than  the  corresponding  value  on  the  27th,  the  daily 
means  being  for  the  24th  2".I3,  25th  i".83,  27th  2".35.     Thus  the 
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difference  between  the  2Sth  and  27th,  o".52,  is  thirteen  times  the 
probable  error  of  an  evening's  determination. 

Many  series  of  zenith  telescope  latitudes  have  been  examined,  and 
in  nearly  every  case  similar  anomalies  have  been  found,  in  some 
cases  the  difference  being  much  greater  than  the  above.  This  seems 
to  point  unmistakably  to  some  outside  disturbing  cause,  presumably 
due  to  atmospheric  disturbance.  This  will  apparently  be  very  diffi- 
cult to  deal  with,  but  unless  means  can  be  found  for  doing  so  it  would 
seem  that  we  have  about  reached  the  limit  of  accuracy  attainable  in 
this  class  of  work. 

THE  WORK  OF  THE  COLUMBIA  UNIVERSITY 
OBSERVATORY. 

BY  J.  K.  EEES. 

Professor  Rees  referred  to  the  work  of  the  Observatory  staff  on 
(i)  The  Determination  of  the  Variation  of  Latitude  at  New  York 
City;  (2)  The  value  of  the  Constant  of  Aberration  by  Kiistner's 
Method;  (3)  The  Reductions  of  the  Measures  of  the  Rutherfurd 
Photographs ;  and  (4)  Investigation  of  Polar  Trail  Plates. 

(i)  In  April,  1893,  arrangements  were  concluded  between  the 
Royal  Observatory  at  Capodimonte,  Naples,  of  which  E.  Fergola  is 
the  Director,  and  the  Observatory  of  Columbia  University  for  ob- 
serving the  same  stars  with  two  zenith  telescopes,  made  by  Wan- 
schaff  of  Berlin.  These  instruments  have  apertures  of  eighty  milli- 
meters and  focal  lengths  of  one  meter  and  are  in  all  respects  exactly 
alike.  The  two  latitude  levels  on  each  instrument  are  by  Reichel  of 
Berlin.  Before  leaving  Berlin  the  instruments  were  tested  by  Dr. 
Albrecht.  Fifty-six  stars,  divided  into  four  groups  of  seven  pairs 
each  were  observed.  The  investigation  of  the  declinations  of  these 
stars  was  made  by  Professor  Jacoby  and  Dr.  Davis,  and  has  been 
published  as  Part  i.  Memoir  I  of  the  A^ezu  York  Academy  of  Sci- 
ences. This  publication  is  also  No.  8  of  the  Contributions  from  Co- 
lumbia University  Observatory.  Both  Observatories  have  issued 
recently  preliminary  publications  of  the  results  of  their  work  for  the 
period  May,  1893  to  July,  1894.* 


*"The  Variation  of  Latitude  at  New  York  and  a  Determination  of  the 
Constant  of  Aberration  from  Observations  at  the  Observatory  of  Columbia 
University,"  by  J.  K  Rees,  H.  Jacoby,  and  H.  S.  Davis,  Astronomical  Journal, 
No.  401. 

"Novella  Determinazione  della  Constante  dell'  Aberrazione  e  della  Lati- 
tudine  di  Napoli  da  Osservazioni  fatte  nel  R.  Osservatorio  di  Capodimonte 
negli  Anni  1893-94  per  E.  Fergola. 
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The  following  table  shows  the  variation  of  latitude  at  the  two 
places : 

AT  NEW  YORK  CITY 


Date 

Latitude* 

Variation 

1893— May 

19, 

40°  48'  22 

'.19 

+o".oo 

June 

18, 

.20 

+    .01 

July 

14, 

.21 

+    .02 

Aug. 

I, 

.09 

—    .10 

Oct. 

17, 

.28 

+    .09 

Nov. 

15. 

.16 

—    .03 

Dec. 

13, 

•27 

+    .08 

1894— Jan. 

18, 

.18 

—    .01 

Feb. 

IS, 

.19 

—    .00 

Mar. 

14. 

.17 

—    .02 

April 

12. 

.21 

+    .02 

May 

IS. 

•19 

—    .00 

June 

13. 

•13 

—    .06 

Mean  22". 19 
♦The  Latitude  Observatory  is  about  three  and  one-half  miles  north  of 
the  University  Observatory. 


AT  NAPLES 

Date 

Latitud 

e 

Variation 

1893- 

-May 

18, 

40°  51' 

45" 

72 

—0 

'.02 

June 

16, 

70 

— 

.04 

July 

16, 

70 

— 

.04 

Aug. 

14, 

67 

— 

.07 

Sept. 

12, 

68 

— 

.06 

Oct. 

16, 

73 

— 

.01 

Nov. 

12, 

76 

+ 

.02 

Dec. 

I4> 

78 

+ 

.04 

1894- 

—Jan. 

17, 

74 

+ 

.00 

Feb. 

14, 

81 

+ 

.07 

Mar. 

14. 

75 

+ 

.01 

April 

15. 

81 

+ 

■07 

May 

14, 

82 

+ 

.08 

June 

13, 

Mean 

78 

+ 

.04 

45" 

74 

At  Naples  Professor  Fergola  observed  alone.  His  latitude  deter- 
minations depend  upon  2271  pairs  of  stars.  At  New  York  City,  the 
observers  were  Professors  Rees  and  Jacoby  and  Dr.  Davis.  These 
observed  1774  pairs  of  stars,  as  follows:  Rees  809;  Jacoby  299; 
and  Davis  666. 

vSince  July,  1894,  the  observations  have  been  continued,  but  on  a 
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reduced  scale.  Four  good  nights  every  two  weeks  are  sought.  The 
observations  at  Naples  are  now  being  made  by  Doctors  Angelitti  and 
Contarino,  and  the  observations  at  Columbia  University,  by  Profes- 
sor Rees  and  Dr.  Davis.  Results  of  the  latter  series  will  be  ready 
soon  for  publication.  In  this  connection  it  is  proper  to  state  that  the 
complete  reductions  of  all  the  observations  as  Part  2,  Memoir  I  of 
the  New  York  Academy  of  Sciences,  and  No.  9  of  the  Contributions 
from  the  Columbia  University  Observatory  will  be  made  with  funds 
provided  by  the  generous  contribution  of  Miss  Catherine  W.  Bruce, 
of  New  York  City. 

(2)  At  New  York  City  and  at  Naples,  the  Constant  of  Aberration 
has  been  determined  from  the  first  series  of  observations  without 
making  any  assumption  in  regard  to  the  law  of  latitude  variation, 
either  as  to  period  or  as  to  amplitude.  The  value  obtained  at  the 
Columbia  Observatory  was  20". 46,  and  at  the  Royal  Observatory  at 
Naples,  2o".53.  The  difference  in  the  results  seems  to  indicate  that 
there  is  some  systematic  error  in  the  method,  unless  some  error  be 
discovered  in  the  computations  which  will  bring  them  into  better 
agreement.  Circumstances  were  unusually  favorable  to  the  method, 
and  a  better  agreement  was  to  be  expected.  In  the  present  state  of 
our  knowledge,  we  prefer  to  leave  further  conclusions  to  await  the 
reductions  of  the  later  series  of  observations. 

(3)  The  son  of  Lewis  M.  Rutherfurd,  Rutherfurd  Stuyvesant, 
Esq.,  has  provided  the  means  since  his  father's  death  for  carrying  on 
the  work  of  the  reductions  of  the  measures  of  the  star  plates  made 
by  Rutherfurd,  and  also  for  measuring  the  plates  unmeasured  by 
Rutherfurd,  and  for  reducing  such  measures.  Mr.  Stuyvesant  has 
also  provided  the  means  for  making  the  various  publications.  The 
work  has  been  under  the  special  charge  of  Professor  Jacoby. 

The  Observatory  has  published  in  the  Annals  of  the  New  York 
Academy  of  ScioiceSj  and  in  its  own  Contributions,  the  following 
papers : 

By  Professor  Jacoby : 

The  Rutherfurd  Photographic  Measures  of  the  Group  of  the 
Pleiades. 

The  Rutherfurd  Photographic  Measures  of  the  Stars  about  /8 
Cygni. 

The  Parallaxes  of  /i  and  0  Cassiopeiae,  from  Rutherfurd  Photo- 
graphic Measures. 

On  the  Reduction  of  Stellar  Photographs,  with  special  reference 
to  the  Astro-Photographic  Catalogue  Plates. 

On  the  Permanence  of  the  Rutherfurd  Photographic  Plates. 
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By  Dr.  H.  S.  Davis : 

The  Parallax  of  t)  Cassiopeiae  deduced  from  the  Rutherfurd  Pho- 
tographic Measures. 

The  Rutherfurd  Photographic  Measures  of  sixty-two  Stars  about 
■q  Cassiopeiae. 

The  Parallax  of  6i  Cygni,  from  the  Rutherfurd  Photographic 
Measures. 

The  Parallax  of  Bradley  3077,  from  the  Rutherfurd  Photographic 
Measures. 

All  of  the  Rutherfurd  Photographs  were  made  with  wet  plates. 
He  left  a  number  of  important  plates  unmeasured.  Before  proceed- 
ing to  the  measurement  of  these  plates  on  the  Repsold  machines 
belonging  to  the  Observatory,  the  investigation  on  the  permanence  of 
the  Rutherford  plates  was  made.  This  investigation  showed  that 
measures  can  now  be  undertaken  without  any  apprehension  as  to  the 
movements  of  the  collodion  film. 

Mr.  Frank  Schlesinger,  Fellow  in  Astronomy,  and  Mr.  W  .C. 
Kretz,  University  Scholar  in  Astronomy,  are  now  at  work  measur- 
ing and  reducing  the  plates  of  the  Prsesepe  Cluster,  and  the  Cluster 
in  Coma  Berenices. 

(4)  Professor  Jacoby  has  undertaken  the  measurement  of  polar 
trail  plates  made  at  his  request  by  Dr.  Donner,  of  Helsingfors. 
From  the  reduction  of  these  measurements,  he  hopes  to  get  a  funda- 
mental system  of  right  ascensions  and  polar  distances  of  the  close 
polar  stars.  The  method  may,  in  the  future,  lead  to  values  of  the 
constants  of  precession,  nutation,  and  aberration,  which  will  be 
superior  to  the  best  meridian  determinations.  The  results  of  the 
preliminary  investigations  will  shortly  be  made  public. 

THE  PHOTOCHRONOGRAPH. 

BY  JOHN   T.   HEDRICK^  S.J. 

The  instrument  used  at  the  Georgetown  College  Obsen'atory  for 
the  photographic  registration  of  star  transits  was  devised  by  the 
Rev.  George  A.  Fargis,  S.J.,  and  was  the  sequel  of  one  devised  by 
Professor  Frank  H.  Bigelow  of  the  Weather  Bureau,  whose  first 
experiments  had  been  made  at  Haiward  with  the  help  and  sugges- 
tions of  Professor  Pickering.  In  Professor  Bigelow's  instrument,  the 
photographic  plate,  enclosed  in  a  holder,  was  moved  up  and  down 
each  second  by  an  electro-magnet  in  a  clock  circuit.  The  motion 
broke  up  the  continuous  trail,  which  would  have  been  made  by  the 
star  as  it  crossed  the  field,  into  two  parallel  lines  of  dots  or  dashes, 
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each  impressed  on  the  plate  during  a  given  second  of  time.  The 
reticle,  which  lay  a  little  in  front  of  the  plate,  was  then  impressed 
on  it  by  throwing  a  light  through  the  object  glass  and  down  the 
telescope,  thus  slightly  fogging  the  plate,  except  where  it  was 
covered  by  the  wires  of  the  reticle,  which  showed  bright  on  a  dark- 
ened ground.     (Professor  Bigelow's  device  was  shown). 

Professor  Bigelow  being  called  away  from  Washington  for  some 
time,  further  experiments  were  undertaken  by  Father  Fargis  to  re- 
move what  seemed  to  be  imperfections  in  the  first  device.  These 
were,  the  motion  of  the  plate,  the  weight  of  the  moving  parts,  the 
danger  of  parallax  on  account  of  distance  between  the  reticle  and 
the  plate,  which  was  needed  in  order  to  permit  the  motion  of  the 
latter,  and  the  fogging  of  the  plate  in  the  neighborhood  of  the  rows 
of  star  images  when  photographing  the  reticle  on  the  plate. 

The  method  of  doing  this  last  was  retained,  as  it  did  not  seem  to 
leave  anything  to  be  desired,  if  the  neighborhood  of  the  star  images 
could  be  protected.  Instead  of  spider  lines  a  glass  plate  was  used 
on  which  a  single  line  was  ruled.  This  was  interrupted  for  a  short 
distance  in  the  middle  of  the  field,  so  as  not  to  interfere  with  the 
star  images.  The  plate  holder  was  discarded  and  the  bare  plate 
used.  As  the  plate  had  not  to  move,  it  was  placed  and  held  firmly 
almost  in  contact  with  the  glass  reticle.  With  a  somewhat  different 
arrangement  it  might  have  been  quite  in  contact.  In  order  to  break 
up  the  star  trail  into  portions  impressed  on  the  plate  at  definite 
times,  the  following  arrangement  was  devised.  A  small  electro- 
magnet had  fastened  to  its  armature  at  right  angles  a  thin  strip  of 
steel,  long  enough  to  reach  nearly  across  the  field  of  the  telescope 
and  broad  enough  to  cut  off  the  cone  of  light  from  a  star  at  a  point 
near  the  focus.  The  whole  weighed  only  a  few  ounces,  the  moving 
parts  weighing  only  about  a  quarter  of  an  ounce  or  less.  It  was 
carried  by  a  clamp-ring  around  the  draw  tube  of  the  telescope  and 
was  placed  near  the  reticle  end,  the  steel  finger,  or  shutter,  stretching 
across  the  field  through  an  opening  in  the  drawtube  a  little  on  the 
object-glass  side  of  the  reticle.  The  electro-magnet  was  in  the  clock 
circuit.     (This  instrument,  the  photochronograph,  was  shown). 

The  action  of  the  photochronograph  may  be  explained  by  a  com- 
parison with  the  ordinary  register  of  clock  times  on  a  barrel  chrono- 
graph. The  telescope  w'as  so  set  that,  with  the  armature  of  the  elec- 
tro-magnet down,  the  image  of  the  star  fell  on  the  steel  finger,  or 
shutter,  and  was  cut  off  from  the  plate.  The  breaking  of  the  circuit 
by  the  clock,  instead  of  making  a  signal  on  a  sheet  of  paper,  released 
the  armature,  causing  the  shutter  to  rise  and  allowing  the  star  image 
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to  fall  on  the  plate  while  the  break  lasted.  Thus  a  series  of  impres- 
sions on  the  plate  took  the  place  of  the  ordinary  register.  The  clock 
times  were  written  on  the  plate  instead  of  on  the  chronograph  sheet 
and  by  means  of  the  light  of  the  star.  This  suggested  the  name 
given  the  instrument.  When  a  sufficient  number  of  impressions  had 
been  secured,  a  light  was  thrown  through  the  objective  and  the 
reticle  photographed  directly  on  the  time  scale,  thus  doing  auto- 
matically what  the  observer  does  by  his  signals  in  the  ordinary  chro- 
nographic  registry  of  transits.  While  the  reticle  was  being  photo- 
graphed, the  shutter  was  kept  covering  the  row  of  star  impressions, 
protecting  this  part  of  the  field  from  fogging.  (Some  plates  con- 
taining transits  were  shown). 

When  the  plate  is  measured  in  the  microscope-micrometer,  the 
time  of  transit  over  the  wire  can  be  deduced  from  each  impression. 
By  pairing  those  nearly  symmetrical  with  the  wire,  in  a  full  transit 
the  micrometer  screw-value  is  never  needed  to  determine  more  than 
half  an  equatorial  second.  The  screw-value  itself  is  found  from  the 
time  scale,  or  row  of  star  images.  This  measurement  of  the  plate 
gives  rise,  of  course,  to  the  possibility  of  personal  equation.  Such 
was  actually  found  in  the  Georgetown  plates,  arising  seemingly  from 
the  use  of  a  single  wire  in  the  micrometer.  But  in  the  photographic 
method,  the  transit  is  fixed  on  the  plate,  which  may  be  measured  by 
many  persons,  at  any  time  and  in  any  way  which  may  be  devised  for 
eliminating  personal  error. 

In  order  to  test  the  method,  the  Ertel  transit  of  the  Georgetown 
College  Observatory  was  fitted  up  and  an  extensive  trial  made.  The 
results  of  this  trial  have  been  published.  The  following  are  the  con- 
clusions which  are  of  particular  interest. 

As  determined  by  the  agreement  inter  se  of  the  impressions  on 
single  plates,  the  probable  error  of  a  single  image  was  ±  0^.035. 
Albrecht's  Hii'.fstafcin  give  for  the  magnifying  power  of  our  tele- 
scope and  microscope  combined,  at  the  equator,  ±  0^.075  for  eye  and 
ear  and  ±  0^.057  for  the  chronograph,  and  the  same  as  for  the 
photographic  method  at  the  declination  71°. 4  and  66^.0,  respectively. 
The  breadth  in  declination  of  the  star  images  was  usually  from  3"  to 
5".    Contrary  to  expectation,  it  was  less  with  increasing  declination. 

The  usual  time  of  exposure  was  a  tenth  of  a  second.  With  this 
stars  could  be  taken  down  to  3".5,  or  sometimes  fainter  ones,  though 
not  all  of  3"". 5  could  be  taken.  Some  stars  had  a  whole  second  ex- 
posure, but  enough  were  not  taken  to  form  a  judgment.  The  aper- 
ture of  the  Ertel  transit  is  4J-J  inches  and  its  focal  length  78  inches, 
or  the  ratio  is  i  to  17.  For  several  reasons,  the  photochronograph 
has  been  used  in  a  series  of  obsen^ations  for  latitude  by  photography. 
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With  a  whole  second's  exposure,  stars  could  ordinarily  be  taken  as 
faint  as  the  sixth  visual  magnitude.  The  zenith  telescope  used  is 
better  adapted  to  photography.  Its  aperture  is  six  inches  and  its 
focal  length  thirty-six  inches,  or  the  ratio  is  i  to  6.  Such  a  telescope 
does  not  differ  widely  in  weight  and  cost  from  the  usual  portable 
transit. 

Obviously,  one  of  the  principal  applications  of  the  photochrono- 
graph  is  to  the  determination  of  longitudes.  The  probable  error  of 
the  clock  correction  when  at  its  minimum  was  found  to  be  ±  0^.01. 
Its  square  at  the  time  T,  in  hours  from  the  moment  of  minimum 
probable  error,  was  found  to  be  (0^.01)^  +  (0^.01  )^  T".  The  average 
number  of  stars  each  night  which  gave  these  probable  errors  was 
twenty,  including  both  time  and  azimuth  stars.  As  there  were  no 
collimators,  the  method  usual  with  portable  instruments  was  followed, 
the  instrument  being  reversed  in  its  V's  during  each  night's  work. 

PERSONAL  EQUATION   IN  LONGITUDE 
DETERMINATION. 

BY  HENRY  S.  PRITCHETT. 

All  determinations  of  the  difference  of  longitude  of  two  meridians 
consist  of  two  operations,  whether  the  method  employed  be  that  of 
telegraphic  determination,  moon  culminations,  or  occultations.  These 
operations  are : 

(i)  The  determination  of  the  local  time  at  each  station. 

(2)  The  comparison  of  timepieces. 

By  the  telegraphic  method,  clocks  a  thousand  miles  apart  can  be 
compared,  over  land  lines,  with  practically  the  same  accuracy  as  if 
they  stood  in  the  same  room.  The  errors,  therefore,  of  the  longitude 
determination  are  to  be  found  in  the  first  of  the  operations  men- 
tioned ;  namely,  in  the  determination  of  the  local  time. 

In  the  star  observations  made  at  each  station,  every  star  observed 
will  give  an  equation  of  the  form : 

a  —  t  =  At  +  Aa  -{-  Bb  +  Cc  +  k, 

where  a  denotes  the  right  ascension ;  t,  the  observed  time ;  At,  the 
clock  correction ;  a,  b,  c,  the  azimuth,  level  and  collimation  constants 
respectively ;  and  k,  the  correction  for  diurnal  aberration. 

It  is  desired  to  determine  At,  the  clock  correction ;  with  ten  or 
twelve  stars  properly  chosen,  the  effect  of  azimuth  and  collimation  is 
completely  eliminated ;  the  correction  for  aberration  is  a  small  one, 
and  is  known  with  great  exactness.  The  uncertainties  in  right  ascen- 
sion will  not  affect  the  agreement  of  results  from  night  to  night  if 
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the  same  list  of  stars  is  employed.  There  remain,  therefore,  only 
two  terms  in  this  equation  whose  uncertainty  will  cause  discrepan- 
cies in  the  individual  results.  These  are  (i)  errors  in  the  level  con- 
stant b;  (2)  errors  in  the  observed  time  t. 

I.  The  effect  of  errors  in  the  level  is  probably  more  serious  than 
is  generally  suspected.  A  slight  pinching  of  the  tube  in  the  cell  and 
the  consequent  change  of  the  radius  of  curvature  may  make  sudden 
and  rather  large  changes.  These,  however,  are  not  now  under  con- 
sideration. 

II.  The  errors  in  t  are  due  to  accidental  errors  and  to  personal 
equation  in  observing  star  transits. 

It  is  generally  considered  safest  to  change  observers  and  consider 
the  personal  equation  eliminated  thereby.  For  some  years  past  the 
writer  has  made  a  large  number  of  determinations  of  longitude  in 
conjunction  with  Mr.  S.  S.  Gannett,  of  the  U.  S.  Geological  Survey. 
The  personal  equation  could  not  be  got  rid  of  by  exchanging  ob- 
servers. It  has,  therefore,  been  determined  at  the  beginning  and  end 
of  the  season's  work.  The  determination  was  made  by  setting  up 
two  transits  on  two  piers  in  the  Observatory  of  Washington  Univer- 
sity, St.  Louis,  and  determining  their  difference  of  longitude  in  ex- 
actly the  same  way  that  the  regular  longitude  determinations  were 
made,  taking  all  possible  precautions  to  avoid  the  effect  of  contiguity. 

The  following  results  show  the  probable  errors  of  a  single  night's 
work  (from  the  individual  longitude  results)  for  dififerent  distances. 
The  first  result  is  the  probable  error  in  the  determination  of  the 
longitude  of  the  two  piers,  which  were  only  six  feet  apart. 


Probable  error  of  one 

Distance  between 

Number  of  Repeaters 

night's  exchange 

Stations  in  miles 

in  circuit 

±  o'.048 

0 

0 

±  0  .041 

271 

0 

±  0  .049 

58s 

I 

±  0  .031 

1531 

2 

As  these  results  depend  upon  a  large  number  of  observations, 
extending  over  six  years,  they  may  be  considered  as  fairly  indicating 
the  relative  probable  errors  under  the  dififerent  circumstances  men- 
tioned. 

Two  conclusions  seem  fairly  safely  shown  : 

In  the  first  place,  the  accuracy  of  longitude  determinations  over 
land  lines  seems  independent  of  the  distances. 

Secondly,  the  experience  of  the  two  observers  seems  to  indicate 
that  their  relative  personal  equation,  while  fairly  constant  from  year 
to  year,  was  subject  to  sudden  and  large  fluctuations  from  night  to 
night,  and  even  in  the  progress  of  a  night's  work. 
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A  POSSIBLE  FORM  OF  MIRROR  FOR  REFLECTING 
TELESCOPES. 

BY   CHARLES  LANE   POOR. 

The  mirror  in  question  is  a  section  of  a  paraboloid  of  revolution, 
cut  at  the  extremity  of  the  latus  rectum.  Such  a  mirror  has  the 
property  of  bringing  to  a  single  focus  all  the  rays  parallel  to  the  axis 
of  figure,  and  the  axis  of  the  reflected  pencil  is  perpendicular  to  that 
of  the  incident  beam ;  the  mirror  thus  performing  the  functions  of 
a  parabolic  mirror  of  the  ordinary  form  and  of  a  plane  mirror  placed 
at  an  angle  forty-five  degrees. 

The  advantages  of  this  form  are,  first,  that  a  single  reflection  takes 
the  place  of  two ;  second,  that  there  is  no  secondary  mirror  in  the 
path  of  the  incident  rays.  Thus  the  entire  surface  of  the  mirror  is 
utilized  and  the  image  should  be  free  from  the  diffraction  bands 
caused  by  the  support  of  the  flat  in  the  old  style ;  third,  the  resulting 
form  of  equatorial  mounting  is  extremely  simple.  The  telescope  tube 
becomes  the  declination  axis,  the  mirror  being  mounted  at  the  ex- 
tremity of  this  axis  in  a  manner  entirely  similar  to  that  of  the  large 
flat  of  the  equatorial  coude.  The  image  formed  by  the  mirror  is 
therefore  at  the  intersection  of  the  declination  and  the  polar  axis, 
and  remains  in  a  constant  jxjsition,  no  matter  on  what  part  of  the 
heavens  the  telescope  may  be  directed.  This  offers  great  advantages 
for  the  observer,  and  for  the  attachment  of  special  appliances,  such 
as  spectroscopes.     Further,  no  dome  is  required. 

From  experiments  made  at  the  Johns  Hopkins  University  in  grind- 
ing and  polishing  such  a  mirror,  it  may  be  safely  concluded,  that 
such  a  form,  while  extremely  difficult  to  make,  is  not  impossible. 
A  small  mirror  has  actually  been  constructed  on  these  lines  and  is 
now  being  experimented  with. 

It  was  suggested  that  further  experiments  be  carried  out  at  the 
Yerkes  Observatory,  the  facilities  for  glass  working  in  the  latter 
place  being  far  superior  to  those  of  the  Johns  Hopkins  University. 

THE  SOLAR  MOTION  AS  A  GUAGE  OF  STELLAR 
DISTANCE. 

BY  SIMON  NEWCOME. 

I.  The  numerical  quantity  of  the  solar  motion,  expressed  in  units 
of  terrestrial  measure,  say  kilometers  per  second,  can  best  be  deter- 
mined by  measurements  of  the  motion  of  stars  in  the  line  of  sight. 
I  find  that  Vogel's  measures  give  a  velocity  of  about  ten  kilometers 
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per  second,  with  a  mean  error  of  perhaps  one-half  its  amount.  While 
these  measures  are  not  sufficiently  numerous  to  lead  to  a  definite 
result,  it  may  be  hoped  that,  in  the  not  distant  future,  more  deter- 
minations will  be  made. 

2.  The  parallactic  motion  of  a  single  star  does  not  admit  of  abso- 
lute determination.  But  for  groups  or  classes  of  stars  situated  not 
near  the  sun-way  apex  or  anti-apex,  the  motion  can  be  determined. 
In  my  investigation  of  the  precessional  constant  I  found  evidence 
that  the  mass  of  the  Bradley  stars  of  magnitude  6  and  upwards  near 
the  sun-way  equator  have  a  parallatic  motion  exceeding  2"  per  cen- 
tury, this  quantity  being  near  the  limit  of  the  motion  for  the  stars 
in  question. 

3.  From  these  two  data  it  would  follow,  by  a  very  simple  compu- 
tation, that  the  great  mass  of  the  Bradley  stars  are  contained  within 
a  sphere  whose  surface  has  an  annual  parallax  of  o".oi. 

4.  In  the  same  paper  (p.  24),  I  found  that  the  Bradley  stars 
whose  parallatic  motion  exceeds  10"  per  centun,'  probably  numbered 
about  342.  From  a  solar  velocity  of  10  kilometers  per  second  it 
would  follow  that  these  stars  have  an  annual  parallax  of  o".o5  and 
upwards. 

5.  The  determination  of  the  parallactic  motion  of  the  fainter  stars 
is  among  the  desiderata  of  astronomy  in  the  immediate  future.  Very 
valuable  for  this  purpose  would  be  the  re-observation  of  the  Har- 
vard equatorial  zones,  found  in  the  earlier  volumes  of  the  Han-ard 
Annals.  These  have  the  great  advantages  that  each  star  was  ob- 
served twice,  and  that  much  fainter  stars  are  included  than  are  found 
in  the  older  zones. 

ON   THE   MEANING  OF   THE   STAR   MAGNITUDES   OF 
FATHER  HAGEN'S  ATLAS  OF  \^\RIABLE  STARS. 

BY  J.  G.  HAGEN,  S.  J. 

As  to  the  general  plan  of  the  Atlas  Father  Hagen  referred  to  his 
account  given  a  year  ago  at  the  astronomical  meeting  in  Bamberg, 
and  printed  in  the  V.  J.  S.  Bd.  31,  s.  278.  The  accuracy  intended  in 
the  positions  of  the  stars  in  the  Atlas  will  be  sufficiently  understood 
from  the  preface  of  the  work,  but  the  inag)iitiidcs  of  the  stars  seemed 
to  call  for  an  explanation. 

The  brightness  of  the  stars  was  not  estimated  directly  in  magni- 
tudes, but  in  relative  steps  between  the  stars,  and  the  question  arose 
how  to  transform  these  steps  by  computation  into  magnitudes. 

Before  answering  this  question  it  may  be  instructive  to  compare 


SOCIETY  OF  AMERICA 


29 


the  work  of  this  Atlas  with  that  of  a  Durchinnsteritng.  The  pur- 
pose of  the  latter  is  to  spread  a  uniform  scale  of  magnitudes  all  over 
the  sky,  while  accidental  errors  in  the  individual  star  magnitudes 
are  of  minor  importance.  In  an  atlas,  however,  which  is  to  serve  for 
the  light  variations  of  the  stars,  the  relative  brightness  of  the  com- 
parison stars  is  the  main  purpose,  while  a  uniformity  of  scale  between 
the  individual  charts  is  of  little  consequence.  Now  it  is  admitted 
by  all  observers  of  variable  stars  that  the  relative  brightness  of  the 
stars  is  obtained  with  greater  accuracy  from  steps  than  from  magni- 
tudes. 

In  transforming  the  steps  into  magnitudes  the  first  condition  must 
be  to  adapt  the  computed  scale  of  magnitudes  as  closely  as  possible 
to  some  standard  scale  already  existing.  It  was  shown  in  the  lecture 
at  Williams  Bay,  that  this  condition  is  incompatible  with  a  uniform 
lower  limit  of  magnitude  for  all  the  charts,  and  that  this  limit  varies 
within  the  magnitudes  iijX  and  13 J^,  for  the  Georgetown  refractor 
of  twelve  inches  aperture.  It  will  be  sufficient  here  to  mention  that 
this  variation  of  the  limit  of  magnitudes  was  referred  to  several 
causes.  First,  the  limit  of  visibility  in  any  instrument  cannot  be  as- 
sumed to  be  the  same  for  all  parts  of  the  sky  and  all  times  of  the 
year.  Then  the  light  ratio  from  the  brighter  to  the  fainter  stars 
cannot  be  assumed  constant  in  any  scale  which  was  made  without 
photometric  instruments.  Finally  the  scale  itself  may  not  be  uniform 
for  all  parts  of  the  sky. 

Considering  these  uncertainties  it  was  thought  best  to  compute  for 
each  chart  a  step  value  which  would  bring  the  computed  magnitudes 
in  close  agreement  with  a  standard  scale,  say  the  Bonn  Diuxhinns- 
tcriiig,  and  to  apply  the  same  to  the  fainter  stars,  without  regard  to 
the  limit  reached  on  the  several  charts.  In  using  the  charts  and  the 
accompanying  catalogue  it  must  then  be  borne  in  mind  that  the  mag- 
nitudes assigned  to  the  stars  below  the  tenth  magnitude  are  by  no 
means  meant  to  be  a  continuation  of  the  BD.  scale,  but  merely  the 
result  of  a  computation,  in  which  a  close  agreement  with  the  BD. 
within  the  magnitudes  /  and  10  was  intended,  and  where  the  step- 
vahic  tints  found  zvas  applied  to  the  fainter  stars,  without  regard  to 
the  limit  zvhich  would  be  thus  reached. 

These  magnitudes  fully  answer  the  purpose  for  which  they  are 
intended,  viz.,  to  enable  the  engraver  to  represent  on  the  charts  the 
relative  brightness  of  the  stars.  The  observer  of  variable  stars  will 
thus  be  enabled  to  recognize  the  configuration  and  to  identify  the 
variable,  while  in  his  reductions  and  computations  of  the  light  curve 
and  period  of  light  variation,  he  will  discard  the  magnitudes  alto- 
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gether.  He  will  not  even  use  the  steps,  printed  in  the  second  column 
of  the  Catalogue,  except  as  a  guide  in  choosing  his  comparison  stars, 
because  his  observations  will  furnish  him  his  own  scale.  The  steps 
may  be  of  use  later  when  a  photometric  scale  shall  have  been  con- 
structed for  the  fainter  stars.  It  will  then  be  an  easy  matter  to  de- 
termine, by  a  graphical  process,  the  varying  step-values  by  which  our 
steps  are  adapted  to  this  or  any  other  new  scale.  A  specimen  chart 
was  passed  around  during  the  lecture,  and  the  columns  of  the  Cata- 
logue were  represented  on  the  blackboard.  At  the  end  of  the  lecture 
the  announcement  was  made  that  Miss  Catherine  W.  Bruce  had 
liberally  granted  the  indemnity  for  the  publisher,  which  was  neces- 
sitated by  the  great  expense  of  the  engraving.  It  was  mentioned 
also  that  astronomers  owe  this  gift  to  the  kind  commendation  of 
Professor  E.  C.  Pickering.  These  announcements  were  received  with 
applause.  It  may  be  added  that  the  I  Series  of  the  Atlas  is  now  in 
print,  and  the  publication  is  in  charge  of  iNIr.  F.  L.  Dames,  Berlin. 

THE  SYSTEM  OF  BETA  LYRAE. 

BY  G.  W.   MYERS. 

This  paper  has  since  been  printed  in  full  in  the  Astrophysical  Jour- 
nal for  January,  1898,  Vol.  7,  pp.  1-22. 

JOVIAN  PHENOMENA. 

BY  G.  W.  HOUGH. 

The  planet  Jupiter  exhibits  the  greatest  variety  of  phenomena  of 
any  planet  belonging  to  the  solar  sj'stem.  The  surface  markings 
may  be  seen  with  a  small  telescope,  and  from  the  time  of  Galileo  to 
the  present  day  the  planet  has  been  studied  by  astronomers,  and  a 
great  number  of  facts  have  been  collected  regarding  the  changes 
taking  place  on  the  surface.  Until  within  recent  years  it  seems  to 
have  been  assumed  that  there  was  no  great  degree  of  permanency  in 
the  markings. 

New  belts  are  stated  to  have  been  formed  in  a  few  hours,  and  in  the 
course  of  a  month  or  two  the  whole  aspect  of  the  disk  was  changed.* 

I  began  a  systematic  study  of  the  physical  features  of  the  planet 
in  1879  with  the  183/2-inch  refractor  of  the  Dearborn  Obser\-atory, 
and  have  continued  the  obser\-ations  to  the  present  time. 

Very  early  in  my  study  it  seemed  to  me  that  the  surface  exhibited 


*See  Grant's  History  of  Physical  Astronomy,  etc. 
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a  much  greater  degree  of  permanency  than  had  hitherto  been  admit- 
ted. The  result  of  eighteen  years  of  observations  shows  that  the 
changes  which  are  continually  taking  place  on  the  surface  of  the 
planet  are  effected  in  an  orderly  manner;  some  of  the  prominent 
features  persisting  for  years  with  very  slight  changes  in  form  or 
position  on  the  disk.  The  south  margin  of  the  equatorial  belt  and 
the  great  red  spot  are  conspicuous  examples  of  permanency.  In  order 
to  deduce  conclusions  of  any  value,  regarding  the  condition  of  the 
surface  of  any  planet,  it  is  desirable  to  have  a  continuous  record  of 
phenomena  over  a  long  period  and  not  isolated  observations  at  irregu- 
lar intervals.  The  astronomer  of  today,  provided  with  the  largest 
telescope,  and  most  favorable  atmospheric  conditions,  can  not  formu- 
late a  theory  regarding  the  physical  condition  of  a  planet,  which  will 
be  of  any  value  to  science,  by  simply  noting  what  is  seen  with  his 
telescope  during  one  night  or  one  opposition.  During  recent  years 
statements  have  occasionally  been  made  vj\i\\  regard  to  the  variation 
in  magnitude  and  displacement  of  objects  on  the  disk  of  Jupiter, 
which,  unless  properly  interpreted,  are  misleading  as  to  the  nature 
of  the  actual  phenomena.  The  following  considerations  will  eluci- 
date the  subject: 

1.  As  the  observer  is  looking  at  a  rotating  globe,  having  the  axis 
nearly  perpendicular  to  the  line  of  sight,  objects  will  cross  the  disk 
in  nearly  straight  lines,  but  the  linear  velocity  will  be  greatest  at  the 
equator  and  least  in  higher  latitudes. 

2.  All  objects,  when  they  are  brought  in  view  by  rotation,  will  be 
infinitely  short,  and  as  they  advance  farther  on  the  disk,  the  apparent 
length  will  increase  until  the  center  of  the  object  is  on  the  middle  of 
the  disk,  when  it  will  be  the  longest  possible ;  after  it  passes  the 
center,  the  length  will  appear  gradually  to  shorten  until  it  passes 
behind  the  disk  at  the  preceding  limb. 

3.  In  case  a  spot  near  the  equator  and  one  end  of  the  great  red 
spot  happen  to  lie  on  a  line  parallel  to  the  polar  axis  of  the  planet, 
the  equatorial  spot  may  deviate  from  this  line  two  or  three  seconds  of 
arc,  while  under  the  eye  of  the  observer ;  owing  to  the  change  in  the 
length  of  the  red  spot  as  well  as  the  unequal  linear  velocity  due  to 
difference  of  latitude. 

From  1879  to  1884,  two  conspicuous  equatorial  white  spots  passed 
the  great  red  spot  at  intervals  of  forty-five  days,  when  the  apparent 
shifting  of  the  spots  with  reference  to  each  other  was  well  illustrated. 

4.  During  the  revolution  of  the  planet  in  its  orbit,  all  objects  on 
the  disk  will  be  displaced  in  latitude,  due  to  the  elevation  of  the 
earth  above  Jupiter's  equator.    Objects  near  the  equator  of  the  planet 
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may  be  displaced  ±  i".i  of  arc,  and  those  in  higher  latitudes  a  less 
amount. 

5.  On  account  of  the  rapid  foreshortening  of  the  degrees  of  lati- 
tude in  the  polar  regions,  spots  or  detached  markings  are  found  only 
in  the  equatorial  and  middle  latitudes.  It  is  seldom  that  a  spot  is 
seen  beyond  the  parallel  of  40°. 

The  parallel  of  70^  is  at  one  second  of  arc  and  that  of  80"^  at  one- 
fourth  second  of  arc  from  the  limb,  hence  the  polar  regions  are  en- 
tirely beyond  our  reach. 

6.  Since  all  markings  are  only  seen  in  their  normal  proportions 
when  on  the  central  meridian  of  the  disk,  it  would  be  a  difficult 
matter  to  decide  whether  any  actual  change  occurred  in  the  shape  or 
size  of  the  object  in  its  passage  across  the  disk. 

In  1880  when  the  red  spot  was  most  intense  in  color  it  was  seen 
coming  on  the  disk  when  the  true  center  was  at  88°  from  the  central 
meridian  and  its  computed  length  one  second  of  arc.  When  the  spot 
is  wholly  on  the  disk,  the  true  center  is  71°  from  the  central  meridian 
and  the  apparent  length  is  3".7i.  When  the  center  is  on  the  central 
meridian  the  length  is  ii".6i  or  37°.6  of  longitude  and  the  breadth 
is  3".6. 

In  the  study  of  the  surface  markings  on  Jupiter,  the  longitude, 
latitude  and  magnitude  of  the  object  has  invariably  been  determined 
with  the  micrometer.  For  all  micrometer  measurements,  however, 
which  are  referred  to  a  luminous  disk,  it  is  essential  to  employ  both 
limbs,  in  order  to  eliminate  the  effect  of  irradiation,  or  what  is  of 
greater  importance  the  enlargement  of  the  disk  due  to  bad  definition. 

The  great  red  spot  has  been  observed  during  every  opposition  since 
1879  ^i^<^  'ts  motion  in  longitude  and  latitude  ascertained. 

The  equatorial  belt  and  the  various  black  and  white  spots  have 
also  been  observed  annually,  except  during  the  year  1888  when  the 
telescope  was  dismounted. 

The  true  rotation  period  of  the  planet  is  unknown,  and  hence  we 
are  unable  to  use  a  fixed  zero  point  for  longitude.  Since  1879,  how- 
ever, the  great  red  spot  has  been  used  as  the  reference  point,  and 
ephemerides  have  been  published  annually  by  Marth,  which  have  been 
of  great  value  for  the  proper  reduction  of  observations.  The  great 
red  spot  has  had  a  gradual,  but  not  uniform  retrograde  drift  in  longi- 
tude during  the  whole  interval. 

The  rotation  period  of  the  planet,  as  given  by  the  red  spot,  was  as 
follows : 

1879     R  =  9''  55"  34".2 
1886  39  -9 

1896  41  .4 
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The  spot  has  also  drifted  in  latitude,  the  total  displacement  being 
2". I.  The  maximum  latitude  (distance  from  the  equator)  was 
—  7".4i  in  1886,  minimum  value  —  5".32  in  1892. 

The  shape  and  size  of  the  spot  has,  however,  remained  nearly  con- 
stant during  the  whole  period  of  its  visibility.  It  appears  to  be  one 
of  the  most  permanent  features  on  the  disk.  The  equatorial  belt  has 
shifted  in  latitude  both  at  the  north  and  south  margins.  The  belt  has 
also  changed  in  width,  due  to  dissipation  of  the  material  of  which  it 
is  composed,  or  submergence  below  the  surface.  The  changes  are 
possibly  periodic  during  the  Jovian  year,  due  to  meteorological  causes. 
The  gradual  change  in  the  size  of  the  marking,  the  slow  drift  in 
longitude  and  latitude,  show  that  the  surface  is  in  a  plastic  condition, 
but  its  exact  nature  is  as  yet  unknown.  The  great  permanency  exhi- 
bited in  some  of  the  markings  proves  conclusively  that  the  phenom- 
enon is  not  atmospheric,  as  we  use  the  term,  but  the  medium  in  which 
the  great  red  spot  and  equatorial  belt  are  floating  may  have  a  density 
approximating  that  of  a  liquid. 

ASTRONOMICAL  PHOTOGRAPHY  WITPI 
SMALL  LENSES. 

BY  E.  E.  BARNARD. 

The  photographs  exhibited  were  made  with  the  Willard  six-inch 
portrait  lens  during  my  connection  with  the  Lick  Observatory.  This 
lens  was  about  thirty-one  inches  focus  and  was  originally  in  the 
possession  of  a  photographer  in  San  Francisco,  where  it  had  been 
used  in  the  early  days  of  wet  plate  work,  and  was  purchased  by  the 
Lick  Observatory  for  a  small  sum.  It  was  refigured  by  Brashear  and 
in  the  first  work  (before  refiguring)  was  strapped  to  the  six-inch 
equatorial  as  a  guiding  telescope.  It  was  later  attached  to  an  ordi- 
nary equatorial  mounting  which  did  not  permit  the  exposure  to  be 
carried  over  the  meridian.  A  small  two-inch  telescope  vi-as  used  to 
guide  by  when  so  mounted.  The  lens  was  made  by  Willard,  New 
York,  in  1859. 

I  had  previously  attempted  to  photograph  the  Milky  Way  at 
Nashville  and  at  the  Lick,  but  the  lenses  were  not  suited  for  that 
purpose.  I  believed  that  it  could  be  done  if  the  proper  lens  could  be 
had.  This  large  portrait  lens  proved  to  be  the  instrument  best  suited 
for  the  work,  and  the  first  photographs  ever  made  to  show  the  struc- 
ture of  the  Milky  Way  were  secured  with  it  in  July  and  August  of 
1889. 

This  lens  was  used  not  only  for  photographing  the  Milky  Way 
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and  the  nebulae,  but  also  for  the  photography  of  comets  and  experi- 
mental work  on  the  earth-lit  portion  of  the  new  moon. 

Description  of  the  pictures. — Several  different  views  of  the  cres- 
cent moon  were  thrown  upon  the  screen,  showing  the  earth-lit  por- 
tion of  the  lunar  world.  The  details  on  the  dark  part  were  clearly 
shown  with  less  than  half  a  minute's  exposure.  These  pictures 
showed  that  the  solar  rays  after  having  been  reflected  from  the 
earth's  surface  to  the  moon  and  thence  back  again  to  the  earth,  were 
sufficiently  strong  in  actinic  power  to  give  a  clear  and  distinct  picture 
of  the  moon's  surface  during  the  lunar  night. 

It  was  suggested  that  a  photometric  study  of  such  photographs 
might  lead  to  very  interesting  results  concerning  the  changing  re- 
flective power  of  the  earth  due  to  the  distribution  of  land  and  water 
and  clouds  as  seen  from  the  moon  at  diiYerent  times.  It  was  further 
found  that  with  a  small  "lantern  lens"  I'l  inches  in  diameter,  and 
51-3  inches  focus,  the  dark  part,  when  the  moon  was  a  thin  crescent, 
could  be  readily  photographed  in  one  second — thus  showing  the 
enormous  increase  of  effective  light-grasping  power  of  the  smaller 
lens  over  the  larger  one. 

A  photograph  of  the  total  lunar  eclipse  of  1895,  September  3,  when 
the  moon  was  near  the  center  of  the  earth's  shadow,  showed  the 
moon  and  its  surface  detail  clearly  and  sharply  defined.  The  expo- 
sure was  seven  minutes,  which  was  much  longer  than  necessary  to 
show  the  details  when  in  the  shadow.  A  number  of  photographs,  up 
to  twenty-three  minutes  exposure,  w^ere  made  during  the  eclipse  with 
the  main  purpose  of  a  search  for  any  possible  satellite  to  the  moon, 
which  might  at  the  time  be  outside  the  shadow  and  thus  be  caught 
by  the  sensitive  plate,  while  the  light  of  the  moon  itself  was  dimmed. 
Nothing  was  shown  that  would  indicate  the  existence  of  a  satellite 
to  the  moon  as  bright  as  the  eleventh  or  twelfth  magnitude. 

A  photograph  of  the  solar  corona  at  the  total  eclipse  of  January  i, 
1889,  made  with  a  3>^-inch  non-photographic  telescope  reduced  to 
i^  inches,  showed  not  only  the  details  close  to  the  moon's  limb,  but 
also  the  great  equatorial  extensions  of  the  corona  and  the  beautiful 
symmetrical  polar  fans.  The  exposure  was  only  3^2  seconds.  At- 
tention was  called  to  the  fact  that  great  care  was  required  in  the 
development  of  such  a  picture,  to  avoid  the  burning  out  of  the  bright 
details  of  the  inner  corona. 

Various  photographs  of  different  portions  of  the  ]\Iilky  Way 
showed  the  remarkable  structure  of  the  galaxy.  Particular  attention 
was  called  to  the  vacant  lanes  and  black  holes  and  geometrical  ar- 
rangements of  the  stars  at  certain  points.  Many  portions  of  the 
Milkv  Wav  seemed  to  consist  of  thin  sheetings  of  stars  with  enor- 
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mous  black  rifts  in  them  as  if  these  portions  were  breaking  up.  The 
most  remarkable  of  these  pictures  was  one  showing  the  extraordinary 
appearance  of  the  sky  about  the  great  nebula  of  Rho  Ophiuchi.  The 
nebula  (which  was  discovered  with  the  Willard  lens)  was  shown  to 
occupy  a  great  vacancy  among  the  stars,  from  which  sharply  defined 
vacant  lanes  ran  eastward  for  many  degrees.  This  entire  region 
seemed  to  be  nebulous,  and  the  smaller  stars — which  seemed  to  be 
of  a  uniform  size — appeared  to  be  actually  mixed  up  in  this  ne- 
bulosity. From  the  fact  that  the  nebulosity  was  connected  also  with 
some  of  the  bright  naked-eye  stars  of  this  region,  there  was  good 
reason  to  believe  that  the  smaller  stars  here,  forming  the  ground- 
work of  the  Milky  Way,  must  be  really  very  small  bodies  compared 
with  our  sun,  for,  from  their  connection  with  the  nebula,  they  appear 
to  be  at  the  same  distance  as  the  bright  stars  which  were  also  con- 
nected with  the  same  nebula,  but  which  were  themselves  comparable 
in  size  with  our  own  sun. 

Some  of  the  photographs  showed  vast  regions  of  the  Milky  Way 
to  be  involved  in  diffused  nebulous  matter;  such  as  the  regions  of  15 
Monocerotis,  in  Cepheus,  in  Cygnus,  etc.  These  pictures  gave  the 
impression  that  the  stars  at  those  points  were  freely  mixed  up  in 
this  nebulosity  without  any  special  tendency  to  individual  condensa- 
tion which  is  a  striking  feature  of  the  diffused  nebulae  of  the  sky. 

Many  photographs  of  nebulae  were  exhibited — especially  the  ex- 
terior nebulosities  of  the  Pleiades  where  streams  and  masses  of  ne- 
bulosity, connected  directly  with  the  Pleiades,  were  shown  to  exist 
for  many  degrees  about  the  cluster. 

A  picture  of  the  great  curved  nebula,  extending  over  almost  the 
entire  constellation  of  Orion,  showed  what  wonderful  power  lay  in 
the  small  lantern  lens  for  work  of  this  class.  The  best  exposure  for 
this  object,  with  this  lens  seemed  to  be  about  one  hour.  The  brighter 
portion  of  the  nebula,  near  56  and  60  Orionis  had,  however,  been 
distinctly  shown  on  a  photograph  with  the  Willard  lens,  with  three 
hours  exposure. 

An  enlarged  photograph  of  the  great  nebula  in  Andromeda,  showed 
clearly  the  ringlike  structure  of  the  nebula,  and  all  the  features  that 
had  been  previously  photographed. 

Photographs  of  the  comets  of  Swift,  Holmes,  Brooks,  and  Gale, 
showed  the  remarkable  features  of  these  bodies,  and  the  extraordi- 
nary changes  that  utterly  transformed  them  night  after  night. 
Brooks'  comet  of  1893  was  perhaps  the  most  remarkable  of  these 
bodies.  Successive  photographs  of  it  showed  the  tail  shattered  and 
broken  in  a  most  extraordinary  manner.  To  explain  the  appearances 
of  the  tail,  it  was  suggested  that  some  force  outside  that  existing  in 


36  ASTROXOMICAL  AND  ASTROPHYSICAL 

the  sun  and  comet  must  have  produced  these  malformations.  Such 
distortions  would  probably  be  produced  by  the  encounter  of  the  tail 
with  some  resisting  medium — such  as  meteor-streams  or  swarms, 
which  we  know  exist  in  space.  One  of  the  pictures,  which  showed 
the  tail  bent  abruptly  at  right  angles,  near  its  end,  could  only  be  ex- 
plained by  supposing  some  external  force  of  this  kind. 

Among  the  pictures  was  one  of  the  discovery  of  Comet  V  1892. 
A  fuzzy  trail  was  found  on  developing  a  star  plate  on  October  12, 

1892.  This  was  suspected  to  be  due  to  a  comet,  which  was  actually 
found  upon  searching  for  it  in  the  sky.  This  comet  was  subsequently 
observed  at  the  principal  observations  in  the  world,  and  was  found 
to  be  moving  in  an  ellipse  with  a  period  of  about  six  years.  The 
picture  is  unique,  as  it  contains  the  only  actual  discovery  of  a  comet 
by  photography. 

A  photograph  of  Brooks'  comet  on  the  morning  of  November  14, 

1893,  showed  a  fine  meteor  trail  crossing  the  plate  near  the  comet. 
The  beginning  of  the  trail — where  the  meteor  first  struck  the  atmos- 
phere— is  shown,  but  it  passed  olT  the  plate  before  exploding.  Three 
other  meteor  photographs  were  exhibited — one  of  a  stationary 
meteor.  The  other  two  pictures  were  of  the  same  meteor  with  two 
different  cameras,  and  were  obtained  at  the  Yerkes  Observatory, 
August  10,  1897. 

The  paper  was  concluded  by  the  exhibition  of  a  number  of  photo- 
graphs of  the  Milky  Way  made  with  the  small  "lantern  lens."  These 
showed  what  extraordinary  results  could  be  obtained  with  such 
modest  means — where  the  lens  cost  only  a  few  dollars. 

It  was  found  that  this  small  instrument  would  readily  photograph 
in  ten  or  fifteen  minutes  what  it  took  the  Willard  lens  from  three  to 
four  hours  to  show.  It  had  proved  specially  fine  for  photographing 
such  diffused  nebulosities  as  that  connected  with  the  great  nebula  of 
Rho  Ophiuchi,  which  was  shown  by  it  to  extend  some  degrees  west 
of  Antares.  With  this  small  lens  the  great  wing-like  nebula  about 
Nu  Scorpii  was  discovered.  A  sufficient  number  of  photographs  had 
been  made  with  it  partially  to  construct  a  map  of  the  Milky  Way, 
which,  while  showing  vastly  more  than  the  eye  could  see,  would 
more  nearly  resemble  the  naked  eye  view  of  the  Galaxy. 
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RESEARCHES  ON  PLANET   (334),  CHICAGO. 

BY  KURT  LAVES. 

Planet  (334)  was  discovered  by  Professor  Wolf  at  Heidelberg,  by 
the  photographic  method  on  August  23,  1892,  and  at  the  Astronomi- 
cal Conferences  at  Chicago,  August  1893,  he  gave  it  the  name 
"Chicago,"  in  memory  of  the  World's  Fair  event.  From  photo- 
graphic observations  of  August  23  and  29,  1892,  Mr.  Berberich  de- 
rived a  circular  orbit  with  a  mean  daily  motion  of  460".  At  the  time 
of  the  discovery  the  magnitude  of  the  planet  was  the  twelfth.  Dr. 
Palisa  of  Vienna  succeeded  in  finding  the  planet  with  the  equatorial 
of  twenty-seven  inches  on  November  22,  and  up  to  December  8  of 
the  same  year  secured  altogether  four  observations.  Two  more  ob- 
servations were  obtained  from  Professor  Wolf's  photographic  plates 
in  the  months  of  October  and  November.  Uniting  all  of  these  ob- 
servations Mr.  Berberich  has  derived  a  first  set  of  elliptical  elements 
which  he  has  published  in  Astronomische  Nachrichten,  No.  3202. 
In  this  note  Mr.  Berberich  calls  attention  to  the  large  perturbations 
which  this  planet  undergoes  from  Jupiter.  He  obtains  for  1893, 
November  16,  the  following  perturbations  of  the  elements : 
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Indeed  the  distance,  (334) — Jupiter,  becomes  quite  small,  so  small 
that  in  1894  it  decreased  to  1.25  units,  the  radius  vector  of  (334), 
being  3.90  units.  The  perturbing  force  of  Jupiter  compared  with 
the  attracting  force  =(1/1047) .  (3.90/1.25)^=1/108. 

In  the  case  of  Saturn  the  same  fraction  is  but  1/250.  During  the 
next  opposition  the  only  observations  obtained  are  those  by  Dr. 
Palisa  on  December  3,  4,  31,  and  January  2,  1894.  Mr.  Berberich 
has  united  all  of  the  observations  between  1892  and  1894  and  arrives 
at  the  following  set  of  elements. 

Epoch,  November  16,  1893,  Berlin  M.  T. 
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In  1897  the  planet  has  been  observed  at  the  Algiers  Observatory 
and  seven  observations  were  secured.  {BiiUetin  Astroiwmique,  Sept. 
1897).  Professor  James  Hart,  of  Maine  State  College,  has  examined 
the  perturbations  of  Jupiter  on  the  planet  between  November  16, 
1893  and  May  10,  1895,  by  the  method  of  special  perturbations.  He 
has  found  a  perturbation  in /i,A;a  =  —  2".84i,  A<^  =  —  13'  24". 6.  The 
planet,  therefore,  very  closely  approaches  the  case  where  n  =  450"  is 
fulfilled.  On  this  account  long  period  inequalities  will  become  very 
sensible,  and  the  planet  deserves  special  attention  first,  since  it  comes 
so  near  to  Jupiter,  and  second,  since  the  mean  motions  of  the  two 
are  so  nearly  commensurable.  The  perturbing  action  of  Jupiter  will 
decrease  the  eccentricity  until  it  becomes  zero ;  an  increase  to  nega- 
tive values  will  mean  a  change  of  the  perihelion  by  180°.  The  value  of 
A(o  =  —  69°  31',  which  Mr.  Hart  has  found  is  not  well  enough  de- 
termined and  can  be  regarded  only  as  an  approximation.  This  is 
due  to  the  method  employed.  The  variation  of  the  elements,  es- 
pecially those  of  w  and  M,  are  so  considerable  that  new  elements 
should  be  derived  after  every  period  of  forty  days.  This 
has  not  been  done,  but  the  same  set  has  been  retained  during  a  year 
and  a  half.  Mr.  Hart's  work  had  advanced  too  far  before  I  noticed 
the  desirability  of  such  a  change ;  we  must  therefore  regard  his  re- 
sults, so  far  of  ft)  and  M  are  concerned,  as  approximate  only. 

Mr.  Moulton  and  I  have  recently  attempted  to  derive  general 
tables  for  planet  (334).  Leverrier's  method  of  absolute  perturba- 
tions has  been  used,  since  the  small  eccentricity  and  the  small 
inclination  of  the  planet  seemed  to  recommend  this  method 
in  the  first  place.  The  great  advantage  which  the  smallness 
of  c  and  ij  =  tan  yi  I  presents,  is  somewhat  counterbalanced  by 
the  greatness  of  the  value  of  a  =  a/ a'  which  amounts  in  this  case  to 
0.7543.  The  coefficients  of  the  development  depend  upon  the  expan- 
sion of 

(i  4-  a  —  2a  cos  w)~*  =  J^2Z.'y  cos  i  w, 
where  .f  assumes  the  values  1/2,  3/2,  5/2,  ■//2.  In  the 
second  volume  of  the  Annales  de  I'Obserratoire  dc  Paris, 
Leverrier  gives  the  general  expressions  for  the  Og  quanti- 
ties from  «  =  o  to  1  =  15.  This  limit  is  not  exceeded  in 
any  of  the  larger  planets,  since  only  in  the  case  of  Venus  and  the 
earth  does  a  amount  to  0.723,  and  here  the  mass  of  the  perturbing 
planet  is  less  than  1/300  of  the  mass  of  the  perturbing  planet  in  the 
present  case.  When  neglecting  in  the  perturbations  of  the  elements 
quantities  <  o".i  we  have  to  go  in  the  absolute  terms  to  1  =25.  The 
last  quantity  in  the  periodic  terms  will  therefore  be  of  the  nature 
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h  cos  25  (/'  —  A).  Since  the  coefficients  are  small  and  decrease  uni- 
formly, the  additional  work  is  not  very  heavy,  since  an  extrapolation 
will  give  sufficiently  accurate  results  in  the  last  values.  We  have 
completed  the  determination  of  the  secular  perturbations  including 
the  third  power  of  small  quantities.  In  the  periodic  terms  the  per- 
turbations including  the  second  powers  are  nearly  finished.  The  ex- 
tension of  this  work  from  j=  15  to  25  is  not  yet  done.  Nor  have 
we  yet  ascertained  to  which  power  of  small  quantities  the  work  will 
have  to  be  pushed  in  order  to  keep  inside  of  the  above  mentioned 
limit.  From  the  tenth  volume  of  the  Annales  those  terms  have  been 
gathered  which  will  introduce  long  period  inequalities ;  they  have 
been  extended  to  small  quantities  of  the  fourth  order.  Whereas  the 
long  period  inequality  of  Jupiter  and  Saturn  does  not  occur  multi- 
plied with  the  first  or  second  power  of  small  quantities,  we  find  in 
this  case,  terms  multiplied  with  the  first  power.  Indeed,  the  argument 
of  the  trigonometric  functions  which  are  multiplied  with  the  factors 
i/()  /  -f-  i) ,  where  v  =  n'/n,  are  3  /'  —  2  \  or  multiples  of  this  angle. 
To  retain  all  values  >o".i  in  the  perturbations  of  the  elements  it 
will  probably  be  necessary  to  include  the  principal  terms  of  the 
second  order  of  the  mass  of  Jupiter  and  to  investigate  also  the  most 
important  terms  of  the  perturbing  influence  of  Mars  and  Saturn. 

RESEARCHES  IN  SOLAR  PHYSICS. 

BY  georgh;  e.  hale. 

Professor  Hale  exhibited  a  number  of  lantern  slides  illustrating 
his  solar  investigations. 

A  PHOTOGRAPHIC  MERIDIAN  CIRCLE. 

BY  F.  L.  O.   W^ADSWORTH. 
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THE  WORK  OF  THE  CATANIA  ASTROPHYSICAL 
OBSERVATORY. 

BY  A.    RICCO. 

The  following  establishments  are  comprised  in  the  Observatory 
of  Catania : 

1.  Astrophysical,  photographic,  meteorological,  seismological 
Observatory  in  the  City  of  Catania. 

2.  Astrophysical,  meteorological,  and  seismological  Observatory 
near  the  summit  of  Mount  Etna  (2950  meters). 

3.  Meteorological  station  on  the  south  slope  of  Etna  (1900 
meters). 

4.  Network  of  thirty  seismological  stations  in  Sicily  and  the 
neighboring  islands. 

With  a  few  exceptions,  the  various  buildings  and  laboratories  have 
been  built  and  equipped  under  the  supervision  of  the  Director,  Pro- 
fessor A.  Ricco. 

The  work  of  the  Observatory  has  been  as  follows : 

1891.  Restoration  of  the  Mount  Etna  Observatory  after  its  damage 
by  the  volcano.  Preparation  of  rooms  for  meteorological  instruments 
in  the  upper  story  of  the  Catania  Observatory,  and  for  seismological 
instruments  in  subterranean  vaults.  Mounting  of  the  5"".50  refrac- 
tor in  Catania  and  on  Mount  Etna.  Investigations  of  the  eruption 
of  Stromboli  and  of  the  submarine  eruption  near  Pantelleria. 

1892.  Beginning  of  daily  observations  and  drawings  of  solar 
spots  and  prominences.  Beginning  of  meteorological  and  seismologi- 
cal observations.  Mounting  of  the  photographic  equatorial.  Ob- 
servations and  drawings  of  planets  at  Catania  and  on  Mount  Etna. 
Studies  of  the  great  eruption  of  Etna. 

1893.  Mounting  of  the  six-inch  Cooke  equatorial  and  the  transit 
instrument.  Beginning  of  astronomical  photography.  Attempts  to 
photograph  the  solar  corona  in  Catania  and  on  Mount  Etna.  Obser- 
vations of  the  solar  eclipse  of  April  23.  Observations  of  telluric 
lines  at  Catania  (50  meters),  Nicolosi  (700  meters),  and  Mount  Etna 
(2950  meters).     Study  of  Etnean  earthquakes  and  partial  eruption. 

1894.  Modification  of  the  photographic  equatorial.  Determina- 
tion of  the  latitude  and  longitude  of  the  Catania  and  Mount  Etna 
Observatories.  Attempts  to  photograph  the  solar  corona  in  Catania 
and  on  Mount  Etna  with  Huggins'  and  Hale's  apparatus.  Photo- 
graphs of  the  rising  sun  and  of  clouds.    Actinometric  observations  in 
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Catania  and  on  Mount  Etna.  Studies  of  the  Calabrian  earthquakes. 
1905.  Modification  of  the  photographic  equatoriaL  Drawings  of 
planets.  Mounting  of  a  great  seismograph  (pendulum  25  meters 
long,  weighing  300  kg.)  Geophj'sical  studies  of  the  ^olian  Islands 
and  of  the  Val  di  Noto  earthquake. 

1896.  Beginning  made  in  photographing  the  stars  of  the  Catania 
zone  (43°),  previous  plates  having  been  made  for  the  catalogue. 
Drawings  of  planets.    Cartographic  studies. 

1897.  Mounting  of  photographic  spectroscope.  Observations  of 
eclipses  of  Jupiter's  satellites.  Photographs  of  the  Milky  Way  with 
a  Voigtliinder  lens.  Simultaneous  meteorological  observations  on 
Mount  Etna  (1900  meters  station),  at  Nicolosi,  at  Catania,  and  on 
the  seashore. 

ON  THE  ANALYSIS  OF  ELECTRIC  RADIATION. 

BY  G.  F.  HULL. 

In  attempting  to  analyze  electric  radiation  by  means  of  the  two 
principles  used  in  light  we  must  bear  in  mind  ( i )  that  in  general  we 
need  not  expect  dispersion  of  electric  rays  by  ordinary  matter,  (2) 
that  the  receiver  usually  influences  the  measured  wave-length  and 
consequently  affects,  apparently,  the  radiation.  Using  the  principle 
of  dispersion  Garbasso  and  Aschkinass  found,  by  means  of  a  prism 
of  glass  plates  upon  which  were  pasted  strips  of  tinfoil,  that  the 
electric  radiation  was  dispersed  and  concluded  that  rays  of  electric 
force  may  be  considered,  not  necessarily  as  monochromatic,  but,  with 
the  same  justification  as  in  the  case  of  light,  as  composite.  Using 
the  principle  of  interference  Sarasin  and  de  la  Rive  found  that  the 
wave-length  measured  depends  on  the  receiver,  and  Zehnder  that 
rays  of  electric  force  are  analyzed  by  a  grating  into  a  spectrum.  Both 
results  point  to  a  complexity  of  electric  radiation,  but  Bjerknes  and 
Poincare  point  out  that  they  may  be  explained  on  the  assumption 
that  the  radiation  is  simple  and  damped. 

The  author  used  an  interferometer  and  nail  receiver  to  analyze  the 
radiation  from  spheres.  The  interference  curve  was  approximately 
a  damped  cosine  curve.  In  interpreting  this  curve,  if  the  influence 
of  the  receiver  on  it  be  not  considered,  the  conclusion  is  reached  that 
the  radiation  is  a  damped  sine  function  of  the  time.  But  it  was 
found,  using  different  receivers,  that  the  form  of  the  curve  was  in- 
fluenced by  the  receiver  and  therefore  that  the  latter  possessed  a 
definite  period  and  was  not  dead  beat.  The  problem  is  thus  more 
complicated  than  the  corresponding  one  of  light.     Using  a  num- 
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ber  of  receivers  a  fair  approximation  regarding  the  nature  of  radia- 
tion from  spheres  may  be  arrived  at  and  the  conclusion  is  drawn 
that  it  is  less  highly  damped  than  theory  leads  us  to  believe  and  that 
it  is  practically  simple. 

THE  PSYCHOLOGY  OF  THE  PERSONAL  EQUATION. 

BY  TRUMAN   HENRY  SAFFORD. 

(See  Science,  November  26,  1897). 

ON  THE  VAMATION  OF  SOLAR  RADIATION. 

BY   FRANK  W.  VERY. 

This  paper  is  published  in  the  Astrophysical  Journal,  Vol.  7,  pp. 
255-272. 

ON  THE  ROTATION  OF  THE  SUN. 

BY  L.  E.  JEWEEE. 


SECOND  CONFERENCE 


The  Second  Conference  of  astronomers  and  astrophysicists  was 
held  at  the  Harvard  College  Observatory,  on  Thursday,  Friday  and 
Saturday,  August  18-20,  1898. 

The  selection  of  the  Harvard  Observatory  as  the  place  of  this 
Conference  had  much  to  do  with  the  highly  successful  outcome  of 
the  gathering.  The  hospitality  of  the  Director,  the  completeness 
of  the  arrangements  made  by  him,  the  constant  attention  of  the 
members  of  the  Observatory  staff  in  showing  visitors  the  numerous 
instruments  and  the  extensive  collection  of  celestial  photographs,  the 
opportunities  afforded  between  sessions  for  the  inspection  of  the 
museums  and  laboratories  of  Harvard  University  and  of  the  Blue 
Hill  Meteorological  Observatory,  all  contributed  to  the  success  of 
the  occasion. 

At  this  Conference,  as  stated  in  the  Introduction,  preliminary  steps 
were  taken  toward  the   establishment  of  the  Astronomic.\l  and 
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The  following  persons  were  in  attendance  at  the  Harvard  Confer- 
ence: 


C.  G.  Abbot 
W.  H.  Attwill 
F.  L.  Bailey 
Ruth  E.  Bailey 
Solon  I.  Bailey 
S.   W.   Balch 

E.  E.  Barnard 
L.   A.    Bauer    ' 
N.  E.  Bennett 
S.  H.  Brackett 
Annie  J.  Cannon 
Albert  P.  Carman 
H.  H.  Clayton 
Henry  S.  Carhart 

F.  L.   Chase 
Wm.  H.  Collins 
Mrs.  Wm.  H.  Collins 
H.  R.  Colson,  Jr. 
Geo.  C.  Comstock 
F.  H.  Constant 
Charles  R.  Cross 


Herman  S.  Davis 
Harriet  R.  Donaghe 
A.  J.  Donlon 
A.  E.  Dolbear 
Charles   L.   Doolittle 
Helen   VV.   Doolittle 
N.  E.   Dorsey 
M.  C.  Douglass 
H.  W.  DuBois 
Mrs.  H.  W.  DuBois 
John  A.  Dunne 
J.  H.  Earp 
J.  R.  Eastman 
Mrs.  J.  W.  Eddy 
W.   S.   Eichelberger 
W.  L.  Elkin 
A.  R  Ferguson 
R.  A.  Fessenden 
Edward  P.  Fleming 
Mrs.  M.  Fleming 
Albert   S.   Flint 
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Mary  B.  Ford 
W.  S.  Franklin 
Edgar   Frisby 
Lucy  A  Frost 
Royal  H.  Frost 
Caroline  E.  Fiirness 
Willard  P.  Gerrish 
Edith  F.   Gill 
H.  M.  Goodwin 
Ida    Griffiths 
J.  G.  Hagen 
George  E.  Hale 
Asaph  Hall 
George  G.  Hall 
J.  P.  Hall 
J.  N.  Hart 
John  F.  Hayford 
John  T.  Hedrick 
Lillian  L.  Hodgdon 
G.  W.  Hough 
W.  J.  Humphreys 
Agnes    Hyde 
William  Hyde 
Harold  Jacoby 
E.  S.  King 
Lawrence  LaForge 
Miss  E.  F.  Leland 
Frank  H.  Loud 
Carl  A.  R.  Ludin 
J.  W.  McCoy 
Alexander  McFarlane 
Miss  A.  J.  McKay 
C.  H.  McLeod 
Antonia  C.  Maury 
Albert  A.  Michelson 
Dayton  C.  Miller 
Edward  W.   Morley 
J.  A  Mulry 
G.  W.  Myers 
Simon  Newcomb 
Annie  E.   Parkhurst 
Henry  M.  Parkhurst 
H.  M.  Paul 
Edward  C.  Pickering 


Mrs.   Edward   C.   Pickering 

William  PL  Pickering 

B.   O.    Pierce 

Charles  Lane  Poor 

Mary  Proctor 

Alden  W.  Quimby 

F.  G.  Radelfinger 

Wm.  Maxwell  Reed 

Charles   H.   Rockwell 

Jonathan  T.  Rorer 

A.  Lawrence  Rotch 

W.  C.  Sabine 

Charles  E.  St.  John 

F.  E.  Seagrove 

Arthur   Searle 

Aaron    M.    Skinner 

Frederick  Slocum 

Monroe  B.  Snyder 

J.  S.  Stevens 

Mabel  Cushman  Stevens 

John  Stein 

John  M.  Stockwell 

A.  E  Sweetland 

David    P.   Todd 

E.    S.   Trask 

Winslow  Upton 

J.  M.  VanVleck 

Frank  W.  Very 

Robert  DeC.  Ward 

Charles   F.   Warner 

W.  R.  Warner 

Theodore  Waters 

A.  G.  Webster 

Oliver  C.  Wendell 

Sarah  F.  Whiting 

Frank   P.   Whitman 

Mary  W.  Whitney 

Emily  Newcomb  Wilson 

Anna  Winlock 

Louisa  Winlock 

Miss  E.  G   Wolffe 

Miss  L  E.  Woods 

R    S.  Woodward 

Paul  S.  Yendell 
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ABSTRACTS  OF  PAPERS 

PERSONAL  EQUATION  IN  TRANSIT  OBSERVATIONS. 

BY  ARTHUR  SBARLE. 

In  the  study  of  personal  equation,  we  learn  only  what  may  happen 
under  special  conditions,  which  may  possibly  never  recur,  and  the 
labor  demanded  by  the  study  often  seems  excessive  in  view  of  its 
very  limited  results.  This  furnishes  an  excuse  for  the  comparatively 
superficial  investigation  of  the  subject  ordinarily  undertaken,  as  in 
the  present  instance.  Still,  some  conclusions  which  seem  worth 
recording  have  been  reached  by  the  experience  obtained  during  the 
last  thirty  years  at  Harvard  College  Observatory.  One  of  these  con- 
clusions is  that  the  micrometrical  determination  of  the  collimation 
error  of  a  transit  instrument,  by  means  of  collimators  or  of  meridian 
marks,  so  commonly  disagrees  with  the  result  for  collimation  ob- 
tained by  the  adjustment  to  each  other  of  a  series  of  transits  observed 
with  the  same  instrument,  that  it  becomes  unsafe  to  depend  upon  the 
micrometrical  determination  in  the  reduction  of  observations.  While 
the  results  obtained  by  different  observers  by  means  of  the  collima- 
tors agree  very  closely,  and  while  the  error  thus  determined  remains 
nearly  constant  for  considerable  periods  of  time,  the  results  obtained 
by  the  same  observers  from  the  discussion  of  series  of  transit  obser- 
vations give  different  results,  which  are  neither  so  accordant  nor  so 
constant  as  those  obtained  micrometrically.  It  may  be,  of  course, 
that  the  errors  indicated  by  the  transits  are  not  really  collimation 
errors ;  that  is,  it  may  be  suspected  that  some  other  coefficient  than 
the  secant  of  the  declination  might  be  employed  in  the  redutions  to 
better  advantage.  After  trial  of  various  coefficients,  however,  none 
have  been  found  to  produce  as  much  accordance  in  the  results  for 
different  stars  as  can  be  obtained  with  the  secant  of  the  declination. 
It  is  therefore  provisionally  assumed  that  the  discrepancies  which 
have  been  noticed  are  due  to  a  personal  equation  in  collimation,  in 
addition  to  the  kind  of  personal  equation  usually  recognized  in 
transit  observations,  consisting  simply  in  a  difference  in  the  abso- 
lute time  of  the  observations  made  by  different  persons. 

Another  form  of  personal  equation  in  transit  observations  occa- 
sions errors  of  the  kind  which  might  be  attributed  to  a  rate  of  the 
clock  at  the  time  of  observation  differing  from  the  rate  found  for  it 
by  the  comparison  of  the  results  for  different  days.  But  this  sup- 
position is  excluded  when  we  find  on  the  same  evening  different 
rates  derived  from  the  transits  observed  by  different  persons. 
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It  also  happens  that  differences  occur  systematically  between  dif- 
ferent observers  with  regard  to  stars  in  northern  and  southern  decli- 
nations equally  far  from  the  equator ;  so  that  the  apparent  position  of 
the  axis  of  the  instrument,  as  well  as  the  line  of  collimation,  changes 
with  the  observer.  This  phenomenon  is  more  difficult  to  understand 
than  those  previously  mentioned. 

Personal  equation  dependent  on  stellar  magnitude  has  been  for 
some  time  an  admitted  fact,  and  was  merely  mentioned  in  the  paper 
here  abridged.  We  have,  accordingly,  five  kinds  of  personal  equation 
possible  in  transit  observations:  (i)  In  absolute  time,  (2)  In  col- 
limation, (3)  In  the  apparent  position  of  the  instrument,  (4)  In 
clock  rate,  (5)  In  the  effect  of  stellar  magnitude. 


SOME  INVESTIGATIONS  RELATING  TO  ZENITH  TELE- 
SCOPE LATITUDES. 

BY  G.  C.  COMSTOCK. 

A  series  of  latitude  determinations  by  the  Talcott  method  was 
undertaken  by  the  author  in  the  winter  of  1895  for  the  purpose  of 
investigating  the  effect  of  barometric  and  thermometric  gradients 
in  the  atmosphere  upon  zenith  telescope  latitudes.  The  instrument 
employed  was  an  excellent  portable  transit  by  Bamberg,  and  die 
observing  program  comprised  chiefly  pairs  of  stars  culminating  at 
large  zenith  distances,  in  the  average  about  seventy-five  degrees, 
since  the  effects  sought  increase  with  sec".::. 

The  amount  by  which  a  stratum  of  homogeneous  air  was  tipped 
from  its  normal  horizontal  position  was  determined  for  each  observ- 
ing night  from  the  isobars  and  isotherms  of  the  United  States 
Weather  Bureau's  weather  map  for  8  p.  m.,  and  the  resulting  dis- 
turbance compared  with  the  observed  value  of  the  latitude.  During 
the  period  of  observation  the  inclinations  of  the  strata  varied  from 
—  o'.4  to  -\-  2'. 2,  but  no  obvious  relation  exists  between  these  incli- 
nations and  the  observed  latitudes.  These  latter,  however,  show  very 
plainly  a  dependence  upon  the  direction  of  the  wind,  being  a  maxi- 
mum when  the  wind  comes  from  the  direction  of  the  Observatory 
chimney,  distant  about  thirty  meters  from  the  instrument.  The  am- 
plitude of  this  apparent  variation  in  the  latitude  is  approximately  one 
second  of  arc. 

A  similar  series  of  observations  made  in  the  months  of  May  and 
June,  when  the  chimney  was  not  heated,  shows  no  such  variation  and 
also  shows  no  marked  dependence  of  the  latitude  upon  the  inclina- 
tion of  the  air  strata,  although  in  this  series  the  inclination  of  the 
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strata  varied  from —  i'.6  to  +  2'.8,  and  the  zenith  distances  of  the 
stars  observed  were  included  between  76°  and  87*^.  Observations  at 
this  latter  zenith  distance,  although  difficult  and  of  diminished  pre- 
cision, are  nevertheless  eminently  satisfactory  for  the  purpose  in 
hand. 

The  foregoing  results  show  that  the  variation  from  night  to  night 
in  the  value  of  the  observed  latitude  depends  upon  local  conditions 
rather  than  upon  elements  which  can  be  read  from  a  general  weather 
map.  That  perturbing  elements  of  appreciable  magnitude  are  general- 
ly present  in  zenith  telescope  work,  may  be  inferred  from  the  follow- 
ing table  of  recent  determinations  of  the  constant  of  aberration  made 
by  the  Talcott  method,  and  the  remainder  of  the  paper  was  devoted  to 
a  discussion  of  the  local  surroundings  at  the  several  places  of  obser- 
vation with  reference  to  determining  their  probable  effect  upon  the 
value  of  the  aberration. 


Place 

Authority 

Observed    Aberration 
Constant 

Corr. 

Hong  Kong 

A.  N.,  3504 

2o".3S 

It  o".07 

? 

Hong  Kong 

A.  N.,  3504 

20  .43 

±  0  .06 

? 

Honolulu 

Bull.   C.   &   G.   Surv. 

20  .43 

±0  .03 

— • 

New  York 

A.  J.,  401 

20  .46 

±  0  .01 

? 

Strassburg 

V.  J.  S..   iSps 

20  .47 

±  0  .01 

? 

San  Francisco 

Bull.   C.    &■   G.   Surv. 

20  .48 

±0  .03 

— 

Berlin 

A.  N.,  3015 

20  .49 

±  0  .02 

— 

Naples 

Nov.  Determ.,  Fergola 

20  .53 

±0  .oi(?) 

— 

Bethlehem 

A.  J.,  406 

20  .55 

±0  .01 

— 

Cape 

M.  N.,  Dec.  1897 

20  .58 

±:  0  .01 

— 

Berlin 

A.  J.,  429 

20  .61  ( 

?) 

— 

Hong  Kong 

A.  N.,  3504 

20  .64 

±0  .08 

? 

This  effect  cannot,  in  any  case,  be  determined  quantitatively,  but  its 
sign  is  indicated  in  the  last  column  of  the  table,  a  -|-  indicating  that 
the  observed  value  should  be  increased  to  eliminate  the  effect  of  local 
conditions:  e.  g.,  at  Naples  the  diurnal  range  of  temperature  north 
of  the  Observatory  (over  the  land)  is  greater  than  that  south  of  the 
Observatory  (over  the  sea),  whereby  stars  near  the  zenith  are  rela- 
tively thrown  toward  the  north  in  the  evening  and  toward  the  south 
in  the  morning,  thus  producing  too  great  a  value  of  the  aberration. 
Similarly,  at  the  other  stations,  an  unsymmetrical  diurnal  variation 
of  temperature  is  supposed  to  produce  an  effect  upon  the  observed 
value  of  the  aberration. 
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STARS  OF  THE  FIFTH  TYPE  IN  THE  MAGELLANIC 

CLOUDS. 

BY  M.  FLEMING. 

Stars  having  spectra  consisting  mainly  of  bright  lines  belong  to 
Type  V.  In  1891  the  number  of  these  stars  known  was  thirty-three. 
Three  of  these  were  discovered  by  Wolf  and  Rayet,  six  by  Copeland, 
one  by  Respighi,  three  by  Pickering,  and  twenty  from  the  Draper 
Memorial  Photographs  of  the  Harvard  College  Observatory.  In 
May  1897  the  number  known  was  sixty-seven.  All  of  these  stars  lie 
closely  along  the  central  line  of  the  Alilky  Way,  and,  although  the 
sky  had  been  equally  well  covered  with  spectrum  plates  from  pole  to 
pole,  a  careful  examination  of  these  plates  failed  to  show  any  of 
these  stars  outside  of  this  region. 

On  May  26,  1897,  an  examination  of  two  plates  taken  at  Arequipa 
with  the  Bruce  telescope,  showed  a  group  of  six  of  these  objects  in 
the  Large  Magellanic  Cloud.  Two  later  plates  add  fifteen  more  in 
the  Large  Magellanic  Cloud,  and  these,  with  three  others  in  the  Milky 
Way,  and  one  in  the  Small  IMagellanic  Cloud,  make  the  total  number 
of  these  stars,  so  far  known,  ninety-two. 

Thirteen  of  these  were  found  visually,  all  the  others  have  been 
found  from  the  photographs  in  the  Draper  Memorial  work.  The 
great  advantages  of  photography  in  the  study  of  stellar  spectra  are 
thus  again  demonstrated. 

The  presence  of  so  many  stars  of  the  Fifth  Type  in  the  Magellanic 
Clouds  establishes  another  connection  between  them  and  the  Milky 
Way. 

CLASSIFICATION  OF  THE  SPECTRA  OF  VARIABLE 
STARS  OF  LONG  PERIOD. 

BY  M.  FLEMING. 

In  the  classification  of  the  spectra  of  stars  in  the  Draper  Catalogue 
the  letter  M  was  assigned  to  stars  having  spectra  of  the  third  type. 
Later  these  stars  were  subdivided  into  four  groups.  Ma,  Mb,  Mc,  and 
Md,  of  which  a  Orionis,  a  Herculis,  DAI.  — 2°3653,  and  o  Ceti  were 
given  as  examples.  In  the  last  of  these  stars  the  hydrogen  lines  are 
bright,  and  this  spectrum  has  been  shown  to  be  characteristic  of 
variable  stars  of  long  period ;  indeed,  by  this  peculiarity  in  the  spec- 
trum about  a  hundred  new  variables  have  been  found.  A  further 
examination  of  these  spectra  shows  that  they  can  be  further  sub- 
divided into  eleven  groups.    A  classification  was  made  from  an  ex- 
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amination  of  the  continuous  spectrum,  the  comparative  brightness  of 
the  hydrogen  Hnes  being  also  carefully  estimated,  always  assuming 
the  brightness  of  Hy  as  10.  The  first  class,  of  which  R  Lyncis  is  the 
typical  star,  shows  a  spectrum  resembling  a  Tauri,  having  also  Hfi 
and  Hy  strongly  bright  and  nearly  equal,  while  HS  is  barely  visible. 
The  last  group,  of  which  R  Leonis  is  the  typical  star,  shows  a  con- 
tinuous spectrum  similar  to  DM.  —  2°3653,  or  a  little  beyond  that 
star  in  the  classification.  Of  the  bright  hydrogen  lines  in  R  Leonis 
Hp  is  not  seen,  Hy  is  barely  visible,  and  HS  is  strongly  marked. 
The  other  classes  form  a  nearly  continuous  sequence  between  these 
extremes. 


VARIABLE  STARS  IN  CLUSTERS. 

BY  S.  I.  B.\II.EY. 

A  systematic  search  of  twenty  dense  globular  clusters  by  means  of 
photographs  made  with  the  thirteen-inch  telescope  gives  the  follow- 
ing results : 

Number  of  stars  examined  about  18,600. 

Number  of  variables  found  501. 

In  certain  clusters  no  variables  have  been  found ;  in  others  very 
few.    The  results  in  four  clusters  are  especially  striking. 

N.G.C.  5272,  Messier  3,  out  of  about  900  stars  examined,  has  132 
variables,  nearly  fifteen  per  cent. :  N.G.C.  5904,  Messier  5,  out  of 
about  900  stars  examined,  has  85  variables,  about  gyi  per  cent.  In 
N.G.C.  7078,  51  stars  out  of  900,  or  six  per  cent.,  and  in  N.G.C. 
5139, 0)  Centauri,  125  out  of  about  3000,  or  four  per  cent.,  have  been 
found  to  be  variable. 

Considerable  progress  has  been  made  in  the  discussion  of  the 
variables  in  o>  Centauri.  The  approximate  periods  and  light  curves 
of  105  have  been  determined.  The  extremes  periods  so  far  found 
seem  to  be  475  days  in  the  case  of  No.  2,  and  6"  11™  in  that  of 
No.  91.     Ninety-eight  have  periods   less  than  twenty-four   hours. 

These  short  periods  are  often  characterized  by  sudden  increase 
in  brightness,  brief  maximum,  a  relatively  slow  decrease  in  bright- 
ness, and  a  considerable  interval  at  or  near  minimum.  On  the  other 
hand,  in  some  cases  the  time  of  increase  is  equal  to  or  even  greater 
than  that  of  decrease. 
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MERIDIAN  OBSERVATIONS  FOR  STELLAR  PARALLAX. 

BY  ALBERT  S.  FLINT. 

The  reduction  of  the  observations  made  in  the  years  1893-96  at 
the  Washburn  Observatory,  Madison,  Wisconsin,  of  which  a  report 
was  given  at  the  conference  of  last  October,  is  now  nearly  complete. 

The  Repsold  meridian  circle  of  122  mm.  aperture  was  employed  in 
the  well-known  but  comparatively  new  method  of  observing  meridian 
transits  of  each  parallax  star  with  two  comparison  stars.  The  ob- 
serving list  of  nearly  one  hundred  stars  comprised  over  seventy  stars 
of  large  proper  motion,  together  with  binaries,  most  of  which  have 
considerable  proper  motion.  Screens  of  fine  brass  wire  were  em- 
ployed to  reduce  the  apparent  magnitudes  of  the  brighter  stars. 

The  reduction  of  the  present  series  of  parallaxes  to  the  weighted 
means  of  good  determinations  by  previous  observers,  from  the  thirty 
stars  available,  is  o".03.  Systematic  error  might  be  expected  mostly 
on  account  of  larger  differences  of  magnitude  between  the  parallax 
stars  and  their  comparison  stars.  These  differences  range  from 
—  2.0  to  -|-  2.0,  the  latter  sign  indicating  that  the  parallax  star  was 
fainter.  A  graphical  representation  of  all  the  parallaxes  shows  some 
appearance  of  such  an  error,  and  it  appears  to  be  within  the  limit 
-|-  o".o65  for  a  difference  of  one  magnitude  in  the  positive  direction. 
A  plot  of  the  differences  from  previous  determinations,  on  the  thirty 
stars  already  mentioned,  gives  a  similar  indication.  This  effect 
appears  more  marked  in  several  cases  which  will  require  further 
investigation.  Extensive  observations  were  made  concurrently  with 
the  parallax  observations  upon  independent,  miscellaneous  stars  em- 
ploying the  screens  in  order  to  control  the  personal  equation  depend- 
ing upon  magnitude. 

A  plot  of  the  parallaxes  according  to  the  right  ascensions  of  the 
stars  gives  no  plain  evidence  of  seasonable  variation.  The  same  holds 
true  of  the  differences  from  previous  determinations. 

The  general  means  of  the  probable  errors  of  the  parallaxes,  from 
the  stars  most  frequently  observed,  range  from  ±  o".032  to  ±: 
o".045,  the  former  value  for  stars  of  higher  declination,  the  latter 
for  those  of  moderate  southern  declination.  The  corresponding 
probable  errors  for  the  observed  difference  of  right  ascension  of  any 
two  stars  vary  from  ±  o".i7  to  ±  o".22.  The  probable  error  of  a 
single  observation  appears  not  to  be  aft'ected  by  such  differences  as 
occur  in  the  right  ascensions,  declinations,  or  magnitudes  of  the  stars, 
but  is  increased  materially  upon  stars  too  faint  for  convenient  obser- 
vation. 
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A  graphical  representation  was  made  of  the  parallaxes  of  the 
present  series  according  to  the  proper  motions  of  the  stars,  in  all  cases 
where  they  were  greater  than  i"  with  the  exception  of  Groombridge 
1830.  The  plotted  points  happened  to  fall  into  three  groups,  the 
apparent  centers  of  which  lay  on  one  right  line.  From  this  line  the 
following  figures  for  mean  parallax  corresponding  to  proper  motion 
are  derived : 


Proper  Motion 

Parallax 

Number  of  Stars 

I  ".25 

o".io 

40 

2  .05 

0  .14 

13 

4  .20 

0  .28 

5 

A  new  series  of  parallax  observations  by  this  method  has  been 
begun.  The  list  consists  of  121  parallax  stars,  second  magnitude 
stars,  binaries,  and  certain  stars  of  large  proper  motion.  Instead  of 
repeating  the  customary  method  of  observation,  that  of  recording 
transits  over  a  fixed  reticle  a  Repsold  transit-micrometer  is  employed, 
and  the  observer  holds  the  image  of  a  star  during  transit  in  bisection 
between  a  pair  of  movable  threads. 

THE  DIRECT  GRATING  SPECTROSCOPE. 

BY   CHARLES  LANE  POOR. 

This  paper  consisted  of  a  description  of  a  new  method  of  using  the 
concave  grating  for  stellar  spectroscopy.  Preliminary  notes,  giving 
full  details  of  the  method  in  question,  were  published  in  the  Astro- 
physical  Journal  for  March  1898,  and  in  the  Monthly  Notices  of  the 
Royal  Astronomical  Society  for  March  1898.  Since  these  notes  ap- 
peared a  much  larger  grating  was  especially  ruled  by  Professor 
Rowland,  and  this  paper  embodied  the  results  obtained  with  this  new 
grating.  This  grating  has  a  ruled  surface  5^  x  2  inches.  The  radius 
of  curvature  is  one  meter,  and  the  grating  is  ruled  with  7500  lines  to 
the  inch.    The  definition  is  excellent. 

Many  original  negatives  were  exhibited,  as  well  as  several  enlarged 
glass  positives.  The  experiments  with  the  larger  grating  showed  that 
a  good  photograph  of  the  spectrum  of  Sirius  could  be  obtained  in 
the  second  order  with  an  exposure  of  five  minutes.  In  general,  it  may 
be  stated  that  the  time  of  exposure  for  different  stars  was  very  much 
less  than  had  been  currently  expected. 
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THE  EFFECT  OF  ATMOSPHERIC  DISTURBANCE  ON 
TELESCOPIC  DEFINITION. 

BY  G.  \V.  HOUGH. 

During  the  past  year  a  number  of  papers  have  been  published 
showing  the  effect  of  different  conditions  of  the  atmosphere  on 
telescopic  definition.  In  a  discussion  of  this  nature  it  is  important  to 
discriminate  between  the  effects  produced  by  disturbances  directly 
in  front  of  the  object-glass  and  those  in  the  distant  atmosphere. 

A  cylinder  of  light  the  size  of  the  object-glass  extends  through 
the  whole  body  of  atmosphere,  and  it  is  extremely  probable  that  ab- 
normal conditions  may  e.xist  at  different  distances  from  the  object- 
glass. 

In  the  latitude  of  the  United  States  atmospheric  waves  are  con- 
stantly propogated  from  west  to  east  with  a  velocity  of  from  ten  to 
forty  miles  per  hour.  Aside  from  this,  near  the  surface  of  the  earth 
there  is  a  bodily  translation  of  air  which  may  move  in  any  direction. 
Hence  it  follows  that  at  every  instant  the  wave-front  meets  a  new 
stratum  of  atmosphere.  Now  when  we  consider  the  magnitude  of 
atmospheric  waves,  the  area  of  the  wave-front  for  the  largest  tele- 
scope in  use  will  be  infinitely  small  as  compared  with  the  area  of  the 
disturbed  region,  and  it  is  reasonable  to  assume  that  the  wave-fronts 
will  be  in  the  same  condition  in  every  part. 

As  every  unit  of  surface  of  the  object-glass  forms  an  image  at  the 
focus,  the  superimposed  images  will  be  of  the  same  nature  and  the 
primary  images  formed  by  a  large  object-glass  or  a  small  one,  will 
be  of  the  same  quality. 

Under  this  conception  the  disturbance  in  definition  will  depend  on 
the  magnifying  power,  and  will  be  entirely  independent  of  the  size 
of  the  object-glass.  This  conclusion  appears  to  be  borne  out  by  ex- 
perience. When  the  definition  is  bad,  reducing  the  aperture  of  the 
183/2-inch  refractor  of  the  Dearborn  Observatory,  does  not  materially 
improve  the  seeing,  and  I  long  ago  abandoned  the  use  of  caps  for 
this  purpose. 

A  good  deal  has  been  written  regarding  the  advantages  of  a  small 
aperture  under  the  condition  of  imperfect  definition.  The  following 
considerations  I  think  will  show  the  fallacy  of  the  argument. 

If  on  a  night  when  the  definition  near  the  zenith  is  at  its  best,  and 
the  highest  power  (925)  of  the  185^-inch  refractor  can  be  used  on 
a  double  star  of  o".2  or  planetary  detail  studied  with  a  power  of  500, 
the  telescope  be  pointed  at  a  zenith  distance  of  45°,  it  will  be  seen 
that  the  definition  is  not  as  good  as  near  the  zenith.     When  it  is 
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pointed  at  60°  zenith  distance,  a  lower  magnifying  power  must  be 
used  to  secure  reasonable  definition. 

When  we  have  gotten  below  70°  zenith  distance  one  may  do  some 
useful  work  by  employing  a  lower  power,  but  as  we  approach  the 
horizon  a  point  will  be  reached  where  the  definition  is  too  poor  for 
any  useful  work. 

A  six-inch  object  glass  would  be  affected  in  the  same  manner, 
but  objects  below  a  zenith  distance  of  60°,  where  the  definition  was 
bad,  which  were  observed  with  the  i8j^-inch,  would  be  entirely 
beyond  the  reach  of  the  six-inch.* 

On  nights  when  the  definition  is  bad  near  the  zenith,  the  18^ 
inch  can  be  used  on  objects  which  are  beyond  the  reach  of  much 
smaller  instruments. 

Hence,  under  any  atmospheric  conditions  we  can  see  more  and 
better  with  a  large  telescope  than  with  a  small  one.  The  time  dur- 
ing which  a  large  aperture  can  be  used  to  its  full  capacity  is  another 
question.  At  Chicago  and  Evanston  the  i8j<2-inch  can  be  used  suc- 
cessfully with  the  highest  power  on  about  10  per  cent,  of  the  observ- 
ing nights.  For  50  per  cent,  of  the  time  it  can  be  used  for  observa- 
tions beyond  the  reach  of  much  smaller  instruments,  and  in  the  worst 
condition  of  seeing  it  would  not  be  inferior  to  a  smaller  telescope. 

ON  THE  SPECTRA  OF  STARS  OF  SECCHI'S 
FOURTH  TYPE. 

BY  GaORGE  t.  HALB. 

An  investigation  of  the  spectra  of  stars  of  Secchi's  fourth  type, 
upon  which  I  have  been  engaged,  with  the  assistance  of  Mr.  F. 
Ellerman,  since  the  beginning  of  the  present  year,  while  still  in  its 
preliminary  stages,  has  advanced  far  enough  to  yield  some  interest- 
ing results.  The  spectra  of  22  stars  of  this  class,  ranging  in  magni- 
tude from  5.4  to  8.2,  have  been  photographed  with  the  stellar  spec- 
trograph attached  to  the  forty-inch  refractor  of  the  Yerkes  Observa- 
tory. In  most  cases,  on  account  of  the  faintness  of  the  stars,  a  dis- 
persion of  one  60°  prism  has  been  used,  but  good  photographs  of 
the  spectra  of  132  and  152  Schjellerup  have  been  obtained  with 
three  60°  prisms.  The  work  has  been  confined  for  the  most  part  to 
the  region  between  D  and  b,  where  Cramer's  Instantaneous  Isochro- 
matic  plates  have  given  very  satisfactory  results.  Some  photographs 
of  the  upper  part  of  the  spectrum,  extending  as  far  as  X  4450  have 


*Vide  Catalogues  of  double   stars  discovered  with  large   apertures. 
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also  been  secured,  and  by  the  aid  of  the  new  "Erythro"  plates  the 
spectrum  of  152  Schjellerup  has  been  photographed  in  the  region 
extending  from  D  to  Ha. 

After  a  study  of  the  photographs  I  have  been  led  to  the  conclusion 
that  the  spectra  of  152  Schjellerup  and  other  stars  of  this  class  con- 
tain bright  lines,  in  addition  to  the  heavy  bands  attributed  to  some 
form  of  carbon  and  numerous  dark  lines.  On  account  of  Duner's 
emphatically  expressed  disbelief  in  the  existence  of  bright  lines  in 
these  stars,*  I  have  taken  special  pains  to  submit  the  question  to  a 
careful  test.  The  true  character  of  these  lines  seems  to  me  to  be 
demonstrated  by  the  following  considerations  : 

1.  The  lines  are  best  shown  on  photographs  taken  with  high  dis- 
persion (3  prisms)  :  whereas  bright  spaces  between  dark  lines  would 
be  most  conspicuous  with  low  dispersion.  This  photographic  result 
is  confirmed  by  visual  observations  made  with  the  forty-inch  tele- 
scope. With  a  small  direct  vision  spectroscope  the  bright  lines 
cannot  be  seen,  but  with  a  dispersion  of  three  prisms  the  brightest 
ones  have  been  observed  without  difficulty  in  132  and  152  Schjellerup. 

2.  Widening  the  slit  does  not  cause  them  to  disappear,  nor,  in  the 
case  of  such  lines  as  A  5593,  does  appreciably  diminish  the  visibility. 

3.  The  intensity  of  many  of  the  bright  lines  in  the  photographs 
is  decidedly  greater  than  that  of  any  part  of  the  spectrum  in  their 
vicinity  which  appears  to  be  continuous. 

4.  At  my  request  the  spectrum  of  152  Schjellerup  has  been 
observed  by  Professors  Keeler  and  Campbell  with  a  three  prism 
spectroscope  attached  to  the  thirty-six-inch  Lick  telescope.  Pro- 
fessor Keeler  reports  that  in  his  opinion  "there  is  little  doubt  that 
the  spectrum  of  this  star  contains  bright  lines." 

The  wave-lengths  of  about  one  hundred  bright  and  dark  lines  be- 
between  b  and  D  in  the  spectrum  of  152  Schjellerup  have  been  deter- 
mined from  measurements  made  on  several  plates.  It  is  perhaps 
worthy  of  note  that  the  mean  wave-lengths  obtained  for  two  of  the 
most  intense  bright  lines,  X  5592.8  and  A  5693.4,  agree  very  closely 
with  the  mean  wave-lengths  of  two  bright  lines  in  the  spectra  of  the 
Wolf-Rayet  stars,  Professor  Campbell's  values  being  A  5593  and  A 
5693.  Although  several  other  bright  lines  in  fourth  type  spectra 
probably  fall  very  close  to  Wolf-Rayet  lines,  it  is  too  soon  to  con- 
clude that  these  classes  of  stars  are  related.  With  this  possibility  in 
mind,  however,  I  requested  Mr.  J.  A.  Parkhurst,  who  had  kindly 
offered  his  services,  to  determine  the  distribution  of  fourth  type 
stars  with  reference  to  the  Milky  Way.     The  results  of  Mr.  Park- 


*Sur  les  £toi!es  a  spectres  de  la  Troisieme  Classe,  p.  10. 
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hurst's  investigations  indicate  that  stars  having  spectra  of  the  fourth 
type  exhibit  a  decidedly  greater  tendency  to  cluster  in  and  near  the 
Milky  Way  than  any  other  class  of  stars  except  those  of  the  Wolf- 
Rayet  type. 

A  comparison  of  the  fourth  type  (III  b)  spectra  with  those  of  the 
third  type  (Ilia)*  fails  to  show  any  striking  similarities,  though 
there  appear  to  be  certain  resemblances,  particularly  in  the  region 
just  below  b,  which  deserve  and  will  receive  further  study. 

The  peculiarities  in  the  spectra  of  the  stars  541  Birmingham  (DM. 
+  38°3957)  and  DM.  -(-  59^2810,  which  were  recognized  and  dis- 
cussed by  Professor  Duner,*  are  well  brought  out  in  the  photographs. 
It  has  been  found  possible  to  arrange  the  spectra  of  ten  stars  in  a 
series,  having  at  one  end  1556  Schjellerup  and  at  the  other  DM.  + 
59°28io.  The  differences  between  contiguous  spectra  are  in  most 
cases  very  slight,  though  541  Birmingham,  which  comes  next  to  DM. 
+  59°28io,  is  separated  by  a  rather  wide  gap  from  the  star  next 
above  it.  Schjellerup  132  comes  near  the  middle  of  the  series.  I 
have  as  yet  no  evidence  favorable  Duner's  hypothesis  that  fourth 
tvpe  (III  b)  stars  are  developed  from  those  of  the  second  class 
(II  a). 

The  investigations  will  be  continued  as  rapidly  as  possible,  but  it 
is  necessarily  slow,  as  the  forty-inch  telescope  is  available  for  this 
work  on  but  one  and  a  half  nights  each  week,  and  for  the  fainter  stars 
exposures  of  many  hours  are  required.  Mr.  F.  Ellerman  has  had  an 
important  part  in  the  work,  as  he  has  made  many  of  the  photographs 
and  rendered  assistance  in  the  work,  of  reduction.  For  the  last  few 
weeks  I  have  also  had  the  aid  of  Dr.  Frank  Schlesinger,  Research 
Assistant  during  the  Summer  Quarter,  who  has  done  excellent  work 
in  measuring  photographs  and  determining  wave-lengths. 

PORTRAIT-LENS  PHOTOGRAPHS. 

BY  E.   E.  BARNARD. 

While  connected  with  the  Lick  Observatory  series  of  photographs 
were  made  of  the  Milky  Way,  the  various  comets,  etc.,  with  a  six- 
inch  portrait  lens.  Lantern  slides  from  these  pictures  were  projected 
on  the  screen.    Some  of  the  subjects  were  : 

The  phenomenon  of  the  "old  moon  in  the  new  moon's  arms,"  or 
the  earth-lit  portion  of  the  new  moon.    The  night  part  of  the  moon, 


*Photographs  of  the  spectra  of  many  stars  of  the  third  type  were  taken 
for  this  purpose. 

*In  his  valuable  memoir  Sur  les  &toilcs  a  spectres  de  la  Troisicinc  Classe. 
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illuminated  only  by  light  reflected  from  the  earth,  was  clearly  shown 
on  the  photograph  and  the  details  of  the  lunar  surface  during  the 
lunar  night  could  be  made  out  distinctly. 

The  total  eclipse  of  the  moon,  September  3,  1S95.  These  photo- 
graphs were  made  in  the  hope  of  showing  a  possible  lunar  satellite 
which  might  at  the  time  be  outside  the  shadow  and  fully  illuminated. 

The  photography  of  meteors.  It  was  found  that  meteors  were 
rather  frequently  caught  with  the  photographic  plate  and  the  short 
focus  portrait  lens.  Several  photographs  of  meteor  trails  were  shown 
which  had  been  obtained  at  the  Lick  and  Yerkes  Observatories. 

Photographs  of  numerous  portions  of  the  Milky  Way  were  exhi- 
bited showing  the  cloud  structures  and  the  great  dark  rifts  where 
the  substratum  of  stars  seemed  to  be  breaking  up.  A  photograph  in 
the  region  of  Antares  seemed  to  show  that  the  apparently  small  stars 
that  made  up  the  ground  work  of  the  Milky  Way  in  this  region  were 
really  comparatively  small  bodies,  perhaps  very  much  less  than  our 
own  sun  in  size. 

The  various  comets  had  been  photographed  and  many  extraordi- 
nary phenomena,  hitherto  unknown,  were  shown  on  the  pictures. 
some  of  which  were  highly  suggestive. 

The  peculiar  phenomena  shown  in  the  tail  of  Swift's  comet  of  1892 
could  readily  be  explained  by  an  irregular  emission  of  matter  from 
the  nucleus,  while  the  photographs  of  Crooks'  comet  of  1893  showed 
such  an  extraordinary  condition  of  the  tail  that  some  outside  in- 
fluence seemed  required  to  explain  the  phenomena.  It  was  suggested 
that  the  tail  of  this  comet  possibly  encountered  some  kind  of  resist- 
ing medium  about  October  21,  1893,  and  for  some  time  subsequent 
to  that  date.    No  other  explanation  seemed  satisfactory. 

A  BRIEF  ACCOUNT  OF  THE  BLUE  HILL  METEOROLOGI- 
CAL OBSERVATORY. 

BY  A.   L.\WRENCE  ROTCH. 

Although  in  the  past  meteorological  observatories  have  been  asso- 
ciated generally  with  astronomical  institutions,  yet  this  union  usually 
is  disadvantageous  to  the  former,  and  the  separation  is  now  cus- 
tomary, especially  in  Europe.  In  the  case  of  the  Harvard  and  Blue 
Hill  Observatories  the  circumstances  favoring  cooperation  were  ex- 
ceptional. The  former  maintained  meteorological  observations  in 
some  detail,  while  the  latter,  only  twelve  miles  distant,  was  admirably 
located  and  equipped  for  this  work,  which,  moreover,  it  was  desired 
to  continue  indefinitely  and  to  publish  in  a  permanent  series.     Ac- 
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cordingly  an  alliance  was  formed  in  1887,  two  years  after  the  foun- 
dation of  the  Blue  Hill  Meteorological  Observatory  by  the  writer, 
whereby  his  observations  and  investigations  are  published  annually, 
or  oftener,  in  the  Anna-Is  of  the  Astronomical  Observatory  of  Har- 
vard College,  at  the  joint  expense  of  the  College  and  the  writer.  It 
is  expected  that  the  two  institutions  will  be  united  ultimately,  and 
with  this  expectation  the  summit  of  the  hill  on  which  the  Blue  Hill 
Observatory  stands  has  been  leased  for  a  long  term  of  years  to  Har- 
vard College.  The  writer,  however,  continues  to  direct  the  work  and 
to  defray  the  whole  cost  of  maintenance.  Three  assistants  are  now 
employed,  and  the  annual  expense  exceeds  four  thousand  dollars. 

The  Blue  Hill  Observatory  was  probably  the  first  in  this  country 
to  record  automatically  and  continuously  all  the  meteorological  ele- 
ments, of  which  hourly  values  have  been  reduced,  printed,  and  dis- 
cussed. Local  weather  predictions  were  issued  for  several  years  until 
the  United  States  Weather  Bureau  commenced  this  service  in  Boston 
in  1891.  Of  various  investigations  undertaken  and  published,  there 
may  be  mentioned  the  comparison  of  diiferent  forms  of  anemometers 
by  Mr.  Fergusson :  the  first  measurements  in  America  of  the  heights 
and  velocities  of  clouds  by  Messrs.  Clayton  and  Fergusson  in  1890-1 ; 
and  the  exploration  of  the  air  by  means  of  kites,  which  was  origi- 
nated at  Blue  Hill  in  1894.  An  exhaustive  discussion  by  Mr.  Clayton 
of  all  cloud  observations  has  been  pubHshed,  and  the  international 
cloud  measurements  which  were  completed  last  year  will  soon  be 
printed.  At  the  present  time  the  chief  work,  apart  from  the  routine 
observations,  is  obtaining  simultaneous  records  of  the  temperature 
and  relative  humidity  of  the  air  and  the  velocity  of  the  wind  at 
heights  exceeding  two  miles  in  the  free  air  by  means  of  kites  and 
near  the  ground.  It  is  expected  that  the  final  discussion  of  the  kite 
records  will  be  published  by  the  Smithsonian  Institution,  which  has 
aided  the  investigation  by  a  grant  from  the  Hodgkins  Fund. 

PHOTOGRAPHIC  RESEARCHES  NEAR  THE  POLE  OF 

THE  HEAVENS. 

BY   HAROLD  JACOBY. 

If  a  series  of  short  exposures  be  made  with  a  photographic  tele- 
scope pointed  at  the  pole  of  the  heavens,  we  obtain  a  negative  on 
which  each  star  gives  a  series  of  dots  lying  approximately  in  a  cir- 
cular arc  corresponding  to  the  diurnal  motion.  The  common  center 
of  all  such  arcs  will  be  the  point  on  the  negative  representing  the 
pole  of  the  sky.    It  is  evident  that  photographs  of  this  kind  furnish 
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a  method  of  determining  the  place  of  the  pole  with  respect  to  the 
surrovmding  stars  at  the  time  the  negative  was  made.  Moreover,  by 
the  intercomparison  of  the  results  obtainable  from  plates  made  on 
different  dates,  it  is  possible  to  arrive  at  a  determination  of  the  fun- 
damental constants  of  stellar  astronomy. 

The  method  possesses  the  advantage  of  being  entirely  different 
in  principle  from  those  hitherto  in  use,  and  as  it  promises  high  pre- 
cision, it  may  serve  to  obtain  a  useful  check  upon  existing  results. 
The  first  attempts  to  use  the  method  practically  were  made,  I  believe, 
at  the  Harvard  College  Observatory,  by  Professor  E.  C.  Pickering, 
some  years  ago.  The  present  paper  contains,  however,  the  first 
approximately  complete  discussion  of  exact  measurements  upon 
plates  of  this  kind.  The  negatives  employed  were  made  at  Helsing- 
fors  by  Professor  Anders  Donner  for  the  writer.  The  Observatory 
of  Helsingfors  possesses  the  advantage  of  being  the  most  northerly 
of  existing  observatories  provided  with  adequate  photographic  tele- 
scopes. Photographs  of  the  pole  made  at  Helsingfors  are  therefore 
less  distorted  by  refraction  than  those  made  elsewhere  on  account  of 
the  greater  altitude  of  the  pole  at  that  place.  The  elimination  of 
refraction  effects  by  computation  constitutes  one  of  the  greatest 
difficulties  with  which  the  writer  has  had  to  contend,  so  that  the  im- 
portance of  a  high  latitude  for  researches  of  this  kind  is  very  evident. 

The  results  here  presented  consist  of : 

1.  The  deduction  of  formulas  suitable  for  the  complete  reduction 
of  ordinary  polar  star  photographs,  as  well  as  the  special  kind  of 
plates  just  described. 

2.  An  application  of  the  formulas  to  measures  on  one  plate  of  six 
images  of  each  of  ten  stars,  or  sixty  images  in  all. 

While  no  entirely  definite  conclusions  can  be  drawn  from  material 
so  scanty,  enough  has  been  done  to  show  that  the  new  method  merits 
the  serious  consideration  of  astronomers.  It  is  the  intention  of  the 
Columbia  Observatory  to  extend  the  work  so  as  to  include  the  com- 
plete measurement  of  all  the  images  on  two  Helsingfors  plates  made 
six  months  apart.  A  tentative  determination  of  the  constant  of  aber- 
ration should  thus  be  possible,  and  should  throw  much  light  on  the 
possibilities  of  the  new  method.  The  details  of  the  work  so  far  oc- 
complished  cannot  be  summarized  in  this  brief  notice,  but  an  ex- 
tended paper  is  in  the  hands  of  the  printer,  and  will,  it  is  hoped,  soon 
be  laid  before  astronomers. 
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PROPOSED  CATALOGUE  OF  NORTH  POLAR  DISTANCES. 

BY  J.  F.   HAYFORD. 

The  United  States  Coast  and  Geodetic  Survey  has  made  it  its 
uniform  practice  to  make  careful  computations  of  the  mean  north 
polar  distances  of  all  stars  observed  for  latitude  with  the  zenith  tele- 
scope. It  is  now  proposed  to  publish  in  the  near  future  the  accumu- 
lated results  of  these  years  of  computation  in  the  form  of  a  star  cata- 
logue. 

The  catalogue  will  comprise  about  3500  stars,  all  brighter  than  the 
seventh  magnitude.  The  computations  have  been  made  substantially 
upon  the  Boss  system — the  weights  and  systematic  corrections  of 
that  system  as  published  in  the  Northern  Boundary  Report  being 
used  for  the  catalogues  there  given  and  supplemented  by  special  in- 
vestigations for  later  catalogues. 

In  most  of  the  later  computations  both  the  polar  distance  and 
proper  motion  have  been  derived  by  the  method  of  least  squares  and 
the  probable  error  of  each  will  be  given  in  the  catalogue. 

THE  K  LINES  IN  BETA  AURIGAE. 

BY  ANTONI.\  C.  MAURY. 

A  series  of  two  hundred  photographs  of  the  spectroscopic  binary 
P  Aurigae,  obtained  at  Harvard  Observatory  in  the  work  of  the 
Henry  Draper  Memorial,  from  1889  to  1898,  shows  a  periodic  change 
in  the  intensity  of  the  K  lines  in  the  combined  spectra.  A  detailed 
examination  of  the  plates  shows  that  the  relative  intensity  of  the  K 
lines  of  the  component  stars  is  reversed  each  year  as  compared  with 
the  year  preceding. 

The  components  of  /?  Aurigae  are  probably  nearly  or  quite  equal 
in  mass,  and  their  spectra  are  closely  similar.  The  most  probable 
theory  would  seem  to  be  that  the  revolving  stars  induce  in  one 
another  reciprocal  variability.  If  the  period  of  this  variability  be 
two  years  it  would  represent  about  180  revolutions.  The  components 
are  conjectured  to  have  each  a  probable  mass  of  1.25  times  that  of 
the  sun,  and  the  probable  distance  between  their  centers  being  only 
about  eight  million  miles,  their  influence  on  one  another,  electro- 
magnetic or  tidal,  might  be  very  great.     {Cf.  Astrophysical  Journal, 

Vol.  vm,  p.  173). 
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THE  VARIABLE  STAR  U  PEGASI. 

BY  G.  \V.   MYERS. 

U  Pegasi  is  a  member  of  the  ji  Lyrae  class  of  variables.  This  in- 
vestigation includes  a  comparison  of  the  observed  and  theoretical 
light  curves.  The  author  regards  the  following  results  as  pretty 
clearly  indicated : 

1.  The  light  curve  of  U  Pegasi  is  satisfactorily  represented  bv  the 
satellite  theory. 

2.  The  distance  of  centers  does  not  differ  materially  from  the 
sum  of  the  radii  of  the  components,  suggesting  the  probable  exis- 
tence of  Poincare's  apiodal  form. 

3.  The  smaller  companion  is  about  0.77  as  bright  as  the  larger, 
and  the  ratio  of  the  radii  is  approximately  i :  0.78. 

4.  The  inclination  of  the  orbit  is  very  nearly  90°,  and  the  disk 
of  one  or  both  bodies,  if  separate,  is  slightly  flattened. 

5.  The  accuracy  of  present  observations  does  not  suffice  to  deter- 
mine the  elements  of  the  system  completely. 

6.  The  form  of  the  light  curve  near  minima  fails  to  confirm  one's 
first  impression  on  examining  the  curve,  viz.,  that  the  components  are 
separated  enough  to  remain  apart  for  an  appreciable  time  at  the 
maxima.     {Cf.  Astrophysical  Journal,  Vol.  VIII,  p.  163-172). 

THE  ZODIACAL  LIGHT. 

BY  ARTHUR  SEARLE. 

Fifty  years  ago,  and  indeed  until  within  ten  or  twelve  years  of  the 
present  time,  all  hypotheses  relating  to  the  origin  of  the  zodiacal 
light  were  opposed  by  difficulties  which  could  not  be  satisfactorily 
met.  The  recent  progress  of  our  knowledge  upon  the  subject  con- 
sists chiefly  in  the  removal  of  the  difficulties  attending  one  hypo- 
thesis-— that  which  assumes  the  light  to  be  reflected  from  meteoric 
dust  forming  a  part  of  the  solar  system.  At  present,  therefore,  this 
hypothesis  tends  more  and  more  to  prevail.  It  is  true  that  the  two 
principal  observers  of  the  zodiacal  light,  Jones  and  Heis,  were  in- 
clined to  regard  it  as  a  ring  encircling  the  earth.  The  obvious  objec- 
tions to  this  hypothesis  are  the  considerable  extent  of  the  light  in 
latitude,  which  would  require  the  supposed  ring  to  be  very  near  us, 
and  the  absence,  at  the  same  time,  of  any  decided  parallax,  or  of  any 
obscuration  by  the  shadow  of  the  earth.  The  hypothesis,  apparently, 
was  suggested  by  the  observations  which  tended  to  show  that  the 
zodiacal  light  forms  a  continuous  belt  all  along  the  zodiac,  with  a 
slight  maximum  of  brightness,  commonly  called  the  Gegenschein,  in 
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opposition  to  the  sun.  This  maximum  was  the  chief  difficulty  in  the 
way  of  the  meteoric  hypothesis  now  prevalent,  for,  according  to 
Lambert's  theory  of  phases,  which  had  acquired  a  ficticious  authority 
by  long  usage,  no  such  maximum  should  exist.  But  accurate  pho- 
tometric observation  of  asteroids  in  recent  times  has  made  it  clear 
that  Lambert's  theory  is  wholly  inapplicable  to  their  phases,  and  if 
we  suppose  that  meteors  have  phases  like  those  of  the  asteroids,  it 
appears  that  light  reflected  from  such  bodies  should  exhibit  a  maxi- 
mum at  opposition. 

Since  the  time  of  Jones  and  Heis,  observation  of  the  zodiacal 
light,  in  its  ordinary  and  conspicuous  form,  has  been  greatly  neglect- 
ed. On  the  other  hand,  we  have  numerous  recent  observations  of 
the  Gegenschein,  and  some  which  were  undertaken  in  1893,  to  be 
made  as  nearly  as  possible  simultaneously  at  widely  separated  sta- 
tions, formed  a  principal  subject  of  the  paper  of  which  this  is  an 
abstract.  It  was  concluded  from  the  comparison  of  nearly  simul- 
taneous observations  made  in  New  England,  in  California,  and  in 
Peru,  that  no  effect  of  parallax  in  the  observed  object  could  be  de- 
tected. 

Another  subject  of  the  paper  was  the  bands  permanently  visible  in 
and  near  the  zodiac,  and  probably  due  to  aggregations  of  faint  stars 
or  of  nebulous  matter,  which  tend  to  interfere  with  exact  observation 
of  the  fainter  portions  of  the  zodiacal  light,  including  the  Gegen- 
schein. Simultaneous  and  careful  drawings  of  these  bands  were  made 
by  two  observers  during  1893  ^""^  1895,  ^"d  plates  showing  speci- 
mens of  these  drawings  were  laid  before  the  audience.  It  appeared 
from  these  plates  that  the  agreement  between  the  two  observers  was 
sufficient  to  encourage  the  belief  that  the  drawings  represent  real 
objects,  which  should  be  carefully  studied  by  all  those  who  desire  to 
add  to  our  knowledge  with  regard  to  the  zodiacal  light. 

ROTATION  OF  ASTEROIDS. 

BY  HENRY  M.  PARKHURST. 

The  suggestion  that  if  the  asteroids  were  observed  photometri- 
cally there  might  be  a  discrepancy  arising  from  a  difference  in  the 
reflection  from  the  opposite  sides  of  an  asteroid,  presented  to  us  at 
different  times  in  consequence  of  their  rotation,  did  not  originate 
with  me.  Prior  to  my  observations  discrepancies  in  the  observations 
had  been  attributed  to  this  cause  as  a  probable  explanation.  In  the 
first  year  of  my  observation  of  asteroids,  1887,  I  found  discrepant 
observations  of  two  asteroids,  Nos.  40  and  42,  which  seemed  to  me 
to  indicate  their  probable  rotation.    There  were  twelve  asteroids  more 
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fully  observed  which  showed  no  such  difference.  In  the  following 
year,  1888,  I  observed  No.  40  much  more  thoroughly  and  demon- 
strated to  my  satisfaction  that  no  such  variation  as  I  had  suspected 
existed  in  its  light.  During  1888  and  1889,  the  number  of  asteroids 
which  I  observed  was  more  than  doubled,  and  no  additional  asteroid 
was  suspected  of  such  variation.  It  has  not  been  practicable  for  me 
to  take  up  the  remaining  asteroid,  No.  42,  until  June  of  the  present 
vear.  I  have  now  observed  it  anew,  with  the  result  that  no  such 
variation  appears.  Furthermore,  upon  revising  the  observations  of 
No.  42  in  1887,  by  the  aid  of  the  constants  obtained  from  the  more 
extended  observations  of  the  present  year,  the  hypothesis  of  rotation 
is  contradicted  by  those  very  observations  of  1887. 

Of  course  I  can  not  prove  a  negative ;  it  is  not  impossible  that  some 
asteroid  does  exist,  observation  of  which  would  show  large  variation 
from  rotation ;  but  all  my  evidence  having  been  demonstrated  to  be 
illusive,  and  the  observation  of  many  new  asteroids  not  yet  furnish- 
ing additional  evidence  of  it.  I  think  it  is  safe  to  dismiss  the  theory 
of  a  photometric  change  from  rotation  from  further  consideration. 

REMARKS  REGARDING  THE  PARALLAXES  OF  61^  AND 
62-  CYGNI  AND  THE  PROBABLE  PHYSICAL  CON- 
NECTION OF  THE  TWO  STARS. 

BY  HERMAN  S.  D.WIS. 

In  Contribution  13  from  the  Observatory  of  Columbia  University 
a  discussion  of  the  measures  of  certain  photographic  plates,  made  by 
Dr.  Rutherfurd  in  1871-1874  for  the  determination  of  the  parallax  of 
61  Cygni,  has  been  presented  by  the  writer,  to  whom  the  measures 
were  entrusted  for  that  purpose  by  Professor  J.  K.  Rees,  Director  of 
the  Observatory. 

The  main  result  given  in  that  publication  is  summarized  by  the 
lines : 

Parallax  of  61'  Cygni  =  -f-  o".36o  ±  o".oi5. 
Parallax  of  6r  Cygni  =  +  o  .288  ±  o  .02S. 

The  object  of  the  paper  prepared  for  the  Astronomical  Conference 
was  to  suggest  what  these  results  signify. 

In  the  first  place,  consideration  was  made  of  whether  these  two 
stars  are  only  optically  double  or  are  physically  connected,  forming 
a  binary  system.  This  is  a  question  which  has  adherents  on  each 
side,  .some  claiming  that  the  variations  of  measures  of  distance,  from 
Piazzi's  time  to  the  present,  show  an  orbital  motion :  others  claiming 
that  such  variations  are  due  to  accidental  or  systematic  errors  of  ob- 
servation.  But  it  was  pointed  out  that  the  theory  of  probabilities  has 
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been  used  somewhat  more  effectively  in  favor  of  orbital  motion  than 
has  been  the  better  established  theory  of  motion  of  matter  acted  on  by 
gravitation.  Thus,  too  often,  have  claimants  of  rectilinear  motion 
been  met  by  the  statement  that  whether  the  measures  are  conclusive 
or  not,  the  chances  are  many  millions  to  one  against  two  stars  of 
such  unusual  proper  motion  being  placed  accidentally  in  such  close 
juxtaposition  in  the  line  of  sight  from  the  earth  at  this  particular  age 
in  the  earth's  history. 

Then  were  quoted  the  conclusions  arrived  at  by  Wilhelm  Struve 
regar'ding  the  probability  of  their  binary  character.  The  "reasoning 
in  a  circle"  by  Otto  Struve  from  the  conclusion  of  his  father  back  to 
his  hypothesis  was  used  to  show  that  beliefs  regarding  this  matter 
are  based  sometimes  more  on  tradition  than  on  logic.  And  the 
Spitaler  and  Zona  comets  of  1890  were  instanced  (by  the  quoting  of 
Professor  Barnard  in  Sidereal  Messenger,  Vol.  10,  p.  18)  to  show 
how  facts  sometimes  overrule  probabilities.  Other  arguments  were 
also  adduced  for  the  purpose  of  removing  many  of  the  traditional 
beliefs  now  existing  concerning  these  stars. 

While  facts  are  more  convincing  than  probabilities,  so  also  are 
measures  as  convincing  as  logic.  It  was  interesting,  therefore,  to 
note  that  the  measures  made  by  Professor  Wilsing  at  Potsdam  as 
discussed  by  the  writer  likewise  seem  to  confirm  the  results  de- 
duced from  the  Rutherfurd  plates.  This  new  discussion,  given  in 
Contribution  13,  shows  a  difference  of  parallax. 

(61'  Cygni  —  6r  Cygni)  =  +o".o88  ±  o".oi2. 

The  mean  of  previous  determinations  of  the  parallax  of  each  of 
these  stars  gives  also  a  difference  of : 

(6i'  Cygni  —  61'  Cygni)  =  +o".o82  ±  o".oi3. 

While  admitting,  therefore,  the  great  need  of  further  observations, 
and  not  denying  the  possibility  of  Professor  Wilsing's  hypothesis 
that  6i'Cygni  may  have  a  dark  companion,  it  seems  that  the  evi- 
dence at  present  available  leaves  little  room  for  doubt  as  to  the  exis- 
tence of  the  difference  of  parallax  detected  by  the  measures  of  the 
Rutherfurd  plates.  And  since  it  is  the  well-accepted  policy  of  scien- 
tific investigators  to  accept  provisionally  as  true,  until  disproved  (if 
such  should  be  its  ultimate  fate),  that  which  has  the  greatest  direct 
evidence  in  its  favor,  we  are  called  upon  to  believe  that  the  two  stars 
of  61  Cygni  are  too  remote  from  each  other  to  form  a  binary  system. 
But  it  is  much  to  be  desired  that  more  evidence  shall  be  accumulated 
either  to  verify  or  disprove  this  conclusion,  and  thereby  throw  more 
light  upon  the  mystery  of  these  interesting,  because  troublesome 
stars. 
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THE  PROBABLE  RANGE  OF  TEMPERATURE  OF 
THE  MOON. 

BY  FRANK  W.  VERY. 

This  paper  is  printed  in  Astrophysical  Journal,  Vol.  VHI,  pp. 
199-217. 

THE  DOUBLE  STAR  WORK  OF  THE  FLOWER  OBSER- 
VATORY, UNIVERSITY  OF  PENNSYLVANIA. 

BY  C.   L.  DOOUTTLE. 

The  object  of  this  communication  is  to  call  attention  to  the  per- 
formance of  the  eighteen-inch  equatorial  of  this  Observatory.  While 
there  are  in  this  country  a  number  of  larger  instruments  by  Alvan 
Clark  &  Sons  this  is  the  largest  so  far  attempted  by  Brashear. 

The  atmospheric  conditions  probably  differ  little  from  those  of 
at  other  points  east  of  the  Allegheny  Mountains.  The  diffraction 
rings  are  not  often  seen,  in  fact  on  only  one  occasion  has  an  entirely 
satisfactory  view  of  these  been  had.  They  were  then  clearly  defined 
and  symmetrically  arranged,  showing  that  their  customary  absence 
is  due  to  no  fault  of  the  glass. 

The  list  of  stars  observed  has  been  arranged  by  Mr.  Burnham,  and 
included  a  considerable  number  of  difficult  objects. 

First  will  be  mentioned  very  close  pairs,  not  very  unequal  in  mag- 
nitude, furnishing  a  test  of  the  separating  power ;  this,  for  an  aper- 
ture of  eighteen  inches,  is  o".275  by  Dawes'  formula.  A  small  list 
of  stars  of  distance  o".S  and  less  follows :  These  have  been  clearly 
separated  and  measured. 
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Second — Close,  faint  companions  to  bright  stars.  These  aft'ord  a 
test  of  the  condition  of  the  atmosphere  rather  than  of  the  telescope. 
Usually  the  blurring  of  the  bright  star  renders  a  critical  test  of  the 
glass  impossible. 
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Among  other  pairs  of  this  class  the  following  have  been  satisfac- 
torily measured : 
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Third — Excessively  faint  stars.  Among  Burnham's  measures  with 
the  i85'2-inch  Clark  glass  of  the  Dearborn  Observatory  are  found  a 
number  of  stars  marked  16-14  magnitude.  The  note  "excessively 
faint"  accompanies  most  of  these.  In  one  case  is  a  star  whose  mag- 
nitude is  given  as  14  which  was  not  measured  at  all  (/J  639). 

In  case  of  all  these  pairs  where  the  attempt  has  been  made,  includ- 
ing the  last  mentioned,  it  has  been  found  practicable  to  obtain  satis- 
factory measurements. 

The  measurements  at  the  Flower  Observatory  were  all  made  by 
Mr.  Eric  Doolittle,  who  has  had  no  previous  experience  in  this  class 
of  work.  Yet  he  has  been  able  to  see  and  measure  objects  as  faint 
as  those  which  so  experienced  and  skillful  observer  as  Mr.  Burnham 
could  reach  with  the  slightly  larger  Dearborn  glass. 

No  effort  has  been  made  to  find  new  pairs,  but  a  number  have 
been  picked  up  in  connection  with  the  regular  work. 

The  following  are  believed  to  be  new  : 
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We  expect  soon  to  publish  the  observations  made  during  the  past 
eighteen  months,  embracing  about  five  hundred  pairs. 
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THE  POSITION  OF  THE  AREQUIPA  STATION  OF  THE 
HARVARD  COLLEGE  OBSERVATORY. 

BY  WINSLOW  UPTON. 

During  a  temporary  residence  at  Arequipa,  througli  the  kindness 
of  Professor  Pickering  and  of  Professor  and  Mrs.  Bailey,  the  latitude 
and  longitude  of  the  station  were  determined.  The  chief  instrument 
available  was  the  special  transit  instrument  devised  for  use  in  the 
prime  vertical  by  the  late  Professor  W.  A.  Rogers  and  described  at 
the  meeting  of  the  American  Association  for  the  Advancement  of 
Science  in  1892.  This  instrument  could  not  be  adapted  to  use  as  a 
zenith  telescope,  but  proved  a  very  excellent  instrument  in  the  prime 
vertical.  Two  of  Bessel's  methods  were  employed,  and  the  result  is 
</>  =  —  16°  22'   2S".o  ±  o".i9. 

The  longitude  was  obtained  by  telegraph  with  a  temporary  station 
at  Arica,  Chili,  whose  longitude  had  been  determined  by  otlicers  of 
the  United  States  Navy  in  1883.  Their  determination  of  the  longi- 
tude of  Arica  was  part  of  an  extensive  series  of  longitudes  on  the 
west  coast  of  South  America  through  the  coast  cables.  Considerable 
difficulty  was  found  in  getting  telegraphic  connection  between  Are- 
quipa and  Arica,  though  there  is  a  land  line  between  the  two  places, 
which,  however,  is  never  used  for  through  messages.  It  became 
necessary  to  use  the  land  line  to  the  seaport  Mollendo  and  to  repeat 
the  signal  by  cable  between  Mollendo  and  Arica.  Communication 
was  made  in  this  way  on  seven  nights,  and  proper  precautions  taken 
to  insure  the  elimination  of  the  errors  of  transmission.    The  result  is 

AX,  Arequipa — Arica,  =  -(-4"'  Si'.Si  ±  o'.032. 

Assuming  the  longitude  of  Arica  to  be  4''  41™  I9^90  the  longitude 
of  Arequipa  is 

4''     46"     ii'.7l  West  of  Greenwich. 

RECENT  BOLOGRAPHIC  RESULTS  FROM  THE  ASTRO- 
PHYSICAL  OBSERVATORY  AT  WASHINGTON. 

BY  C.  G.  ABBOTT. 

In  his  absence  Secretary  Langley  authorizes  me  to  state,  on  behalf 
of  the  .A.strophysical  Observatory  at  Washington,  something  with 
reference  to  the  recent  results  derived  at  that  Observatory  in  the 
bolometric  investigation  of  the  infra-red  solar  spectrum. 

By  the  use  of  the  holographic  method  devised  by  Dr.  Langley  and 
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developed  at  this  Observatory  there  have  now  been  found  over  seven 
hundred  absorption  lines  in  the  solar  spectrum  between  wave-lengths 
fn  0.76  and  n  6.0.  Of  these  more  than  two-thirds  have  been  added 
in  the  last  eight  months,  owing  to  the  use  of  several  new  pieces  of 
apparatus  lately  obtained. 

It  will  be  recalled  that  this  method  essentially  consists  in  the  auto- 
matic production  of  an  energy  curve,  in  which  abscissae  correspond 
to  prismatic  deviations  and  ordinates  to  energy  of  radiation  in  the 
spectrum.  Indentations  in  this  curve  indicate  diminution  of  energy 
due  to  absorption,  either  from  the  sun's  gaseous  envelope  or  our 
atmosphere,  and  thus  give  the  position  of  Fraunhofer  lines. 

It  will  be  readily  understood  that  attention  must  be  paid  to  exclude 
errors  from  the  introduction  of  deflections  due  to  tremor  of  the 
ground,  fluctuations  of  the  electric  current,  and  to  other  causes. 
These  are  in  practice  reduced  to  the  smallest  possible  magnitudes, 
and  such  as  remain  (being  variable  in  place  and  form)  are  eliminated 
from  the  final  results  through  a  comparison  and  measurement  of  six 
or  more  plates.  Such  a  reduction  as  this  is  very  arduous,  and,  in 
the  case  of  the  present  results,  has  entailed  about  forty-four  thousand 
separate  comparator  observations.  The  accuracy  of  the  mechanical 
devices  by  which  the  abscissae  of  the  holographs  are  governed  is 
extreme,  and  it  is  largely  due  to  this  that  the  final  values  of  deviation 
are  not  usually  in  error  (in  so  far  as  dependent  on  the  holographic 
processes)  by  as  much  as  a  second  of  arc. 

The  abscissae  of  the  holographs,  giving  as  they  do  the  accurate 
position  of  the  absorption  lines,  are  naturally  of  the  first  importance 
in  the  present  work  ;  but  the  ordinates,  corresponding  to  intensity  of 
radiant  energy,  are  by  no  means  lost  sight  of.  Indeed,  at  several 
regions  in  the  infra-red  spectrum  there  have  lately  been  noticed  very 
marked  changes  in  the  absorption.  It  appears,  for  instance,  that 
for  three  months  of  the  year,  which  are  (fortuitously  or  otherwise) 
the  months  in  which  the  foliage  is  put  forth,  there  is  a  very  notice- 
able decrease  in  the  absorption  on  the  long  wave-length  side  of  the 
band  at  about  n  1.4,  called  here  i/f.  Paschen  has  found  this  band  to 
be  caused  by  water  vapor.  If  the  absorption  in  the  portion  affected 
was  due  to  carbonic  acid  gas  perhaps  the  phenomenon  might  be  ac- 
counted for  by  the  vegetable  growth  as  above  hinted. 

To  illustrate  the  general  form  of  the  energy  curve,  as  well  as  the 
agreement  between  successive  holographs,  two  superposed  curves  ex- 
tending from  the  F  line  in  the  green  to  the  great  absorption  band  Y 
at  about  /*  4.2  were  presented.  These  curves  are  given  on  a  back- 
ground of  plotting  paper  whose  intervals  (reduced  in  the  same  ratio 
as  the  curves)  were  originally  centimeters,  and  correspond  each  to  4' 
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of  arc  deviation.  At  one  point  between  F  and  D  one  curve  was  inten- 
tionally shifted  in  the  making,  as  it  was  feared  to  be  too  near  the  edge 
of  the  photographic  plate.  The  scale  of  ordinates  was  altered  at  three 
points  by  changing  the  slit  width.  From  F  to  near  C  it  is  i.oo; 
from  this  point  to  below  A  it  is  0.50 ;  from  this  point  to  X  it  is  0.20, 
and  from  this  point  to  the  close,  i.oo.  Such  curves  as  these  show 
in  the  original  some  two  hundred  "real"  deflections.  In  detail  work 
the  scale  of  deviations  is  spread  out  four  times,  the  plate  is  moved 
much  slower,  and  as  a  consequence,  many  small  deflections  here 
rushed  over  and  obliterated  are  brought  out. 

THE  DISTORTION  OF  PHOTOGRAPHS  MADE  WITH  THE 
BRUCE  24-INCH  PHOTOGRAPHIC  TELESCOPE. 

BY  H.  H.  TURNER. 

A  letter  was  read  from  Professor  H.  H.  Turner,  University  Ob- 
servatory, Oxford,  England,  giving  the  provisional  results  of  meas- 
urements of  a  plate  taken  with  the  Bruce  twenty-four-inch  photo- 
graphic telescope  in  order  to  determine  the  distortion,  if  any.  His 
conclusions  are: 

"First — The  optical  distortion  on  the  plate  is  quite  small,  if  exis- 
tent, up  to  three  degrees  from  the  center,  and  perhaps  further ;  that 
is,  the  star  images  are  truly  projected  on  a  tangent  plane  with  con- 
siderable exactness.  I  have  not  yet  detected  any  radial  displacement, 
though  there  seems  to  be  a  small  term  depending  upon  the  product 
xy  indicating  a  sort  of  strain  of  the  field. 

"Second — Whatever  may  be  the  ultimate  definite  result  as  regards 
optical  distortion,  your  plates  will  give  (by  due  allowance  for  such 
distortion  which  will  be  quite  easy)  as  good  places  as  we  are  getting 
on  the  plates  for  the  Astrophotographic  Catalogue.  The  images  are 
perhaps  a  little  larger  and  more  diffused,  but  are  quite  easy  to 
measure.    This  holds  for  certainly  4°  x  4°  and  probably  further. 

"Third — If  I  am  right  in  believing  that  fear  of  optical  distortion 
was  the  motive  for  rejecting  the  photographic  doublet,  the  above 
conclusions  show  this  fear  to  have  been  groundless,  and  the  manifest 
advantages  of  getting  a  large  field  at  once  prove  the  doublet  to  be 
the  right  instrument — certainly  for  charting  purposes." 
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ON  A  PRACTICAL  METHOD  OF  PHOTOGRAPHING  THE 

SPECTRUM  OF  THE  CORONA  IN  NUMEROUS 

DISTINCT  REGIONS. 

BY  DAVID  P.  TODD. 

Recent  research  on  the  corona  indicates  that  it  is  a  composite  of 
a  triple  system  of  rays  or  streamers.  But  it  is  not  known  whether 
the  filaments  of  these  systems  have  the  same  origin  or  not.  Perhaps 
the  only  conclusive  method  of  testing  this  important  question  is  that 
of  a  multiple  spectroscope,  in  which  slits  are  arranged  tangentially 
at  both  extremities  of  equatorial  and  polar  diameters ;  also  radially, 
or  approximately  so,  along  the  lines  of  expected  streamers.  It  is 
proposed  to  bring  the  spectra  of  at  least  four  separate  inner  coronal 
regions  on  a  single  plate,  and  of  four  outer  areas  on  another  plate. 
All  on  a  given  plate  will  therefore  have  the  same  exposure  and  de- 
velopment, and  will  be  approximately  comparable.  A  two-inch  image 
with  large  aperture  will  be  requisite ;  and  the  varying  lengths  of 
exposure,  together  with  a  maximum  number  of  plates,  are  easily 
secured  by  means  of  the  automatic  apparatus  of  the  Japan  expedition 
of  1896. 

ON  AN  EFFECTIVE  INSULATION  OF  MERCURIAL 
HORIZONS. 

BY  DAVID  P.  TODD. 

In  regions  of  frequent  and  violent  seismic  disturbance,  like  Japan, 
it  is  well  known  that  shocks  which  are  very  destructive  at  lower  levels 
on  the  plains,  may  often  fail  to  be  felt  in  the  mountains  surrounding 
them.  The  reason  for  this  is  not  difficult  to  see :  as  the  origin  of  the 
earthquake  wave  is  submarine,  the  vibrations,  which  readily  propa- 
gate themselves  through  the  relatively  small  masses  of  earth  in  the 
plain,  become  dissipated  by  inertia  of  the  vaster  masses  of  outlying 
mountains.  Application  of  this  principle  to  the  insulation  of  a  sup- 
port for  a  mercurial  horizon  has  led  to  complete  success  in  checking 
the  tiny  undulations  of  its  surface  which  destroy  its  capacity  for 
specular  reflection.  First  a  zenith  collimator  of  the  ordinary  type 
was  constructed,  in  which  the  reflected  reticle  was  perfectly  visible 
in  a  collimating  eyepiece.  Then  several  slabs  of  marble  or  granite, 
about  three  inches  thick  and  a  yard  square  were  provided  ;  the  num- 
ber requisite  will  vary  with  the  degree  of  disturbance  to  be  overcome, 
and  the  perfection  of  insulation  sought.  Practically,  five  or  six  will 
be  sufficient.    They  are  laid  up  horizontally,  as  in  stata,  but  separated 
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from  each  other  by  wave-checking  material,  inserted  at  three  points 
between  each  two  slabs.  Practically,  tufts  of  any  material  suitable 
for  the  ordinary  mattress  serves  this  purpose  well :  but  I  have  ob- 
tained the  best  results  by  the  use  of  cork  dust  in  small,  tightly  stuffed 
bags.  The  top  slab  of  the  series  is  made  of  three  or  four  times  the 
thickness  of  the  intermediate  ones,  and  surmounted  on  this  is  the 
zenith  collimator.  Of  course  the  slightest  touch  of  the  finger  on  the 
topmost  slab  will  cause  the  reflected  reticle  to  disappear;  but  a  nadir 
observation  is  wholly  secure  against  interruption  by  passing  freight 
trains  and  trolley  cars,  although  in  close  proximity. 


ON  THE  FOUNDING  OF  ASTRONOMICAL  AND  OTHER 
INSTRUMENTS  OF  PRECISION. 

BY  DAVID  P.   TODD. 

All  astronomical  and  physical  instruments  work  best  when  pro- 
vided with  (i)  an  absolutely  stable  foundation,  and  (2)  a  perfectly 
rigid  mounting.  These  ideal  conditions  can  only  be  reached  approxi- 
mately. In  my  experience  the  first  is  more  often  secured  than  thf^ 
second.  The  object  of  this  paper  is  to  show  how  rigidity  of  mount- 
ing may  be  secured  equally  with  stability  of  foundation.  This  means, 
of  course,  a  welding  or  union  of  foundation  and  mounting  into  one. 
If  it  is  convenient  or  practicable  to  build  the  mounting  very  massive, 
gravity  alone  may  make  this  union  sufficiently  effective,  provided 
that  ordinary  care  is  exercised  in  making  the  junction  at  three  points 
only.  But  in  many  classes  of  instruments,  massiveness  of  mountinfr 
is  wholly  impracticable.  Eclipse  instruments  especially  belong  to  this 
category ;  they  must  be  light  in  order  to  be  easy  of  transportation, 
but  rigidity  is  equally  essential  for  perfect  definition  of  photographs 
of  the  solar  corona.  As  a  result  of  several  years'  study  of  this  prob- 
lem, in  connection  with  preparation  for  several  expeditions,  I  have 
finally  reached  a  satisfactory  construction  for  effecting  a  union  of 
mounting  and  foundation,  which  appears  applicable  to  instruments 
in  observatories  as  well.  Simply  stated,  it  is  a  method  by  which  the 
mounting  is  enabled  to  secure  a  permanent  grasp  upon  many  tons 
of  earth  underneath  it.  First,  three  holes  are  dug,  as  if  for  setting 
the  posts  of  a  fence ;  their  distance  apart  is  regulated  by  the  area 
desirable  to  include  as  the  base  of  the  instrument.  Into  these  holes 
were  set  three  wrought-iron  pipes,  about  five  feet  long  and  three 
inches  in  diameter;  perhaps  two  feet  of  each  pipe  being  left  project- 
ing above  the  surface  of  the  ground.  To  the  bottom  of  each  pipe 
was  screwed  a  projecting  flange,  and  the  hole  around  both  pipe  and 
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flange  was  filled  about  a  foot  deep  with  cement  and  gravel,  thorough- 
ly rammed  into  position  and  allowed  to  harden.  The  remainder  of 
the  holes  were  then  filled  as  was  most  convenient.  The  second  point 
of  construction  was  met  by  placing  three  stout  timbers  or  pipes  hori- 
zontally between  the  vertical  pillars.  These  were  forced  into  position 
close  to  the  ground,  and  spread  the  pier  pipes  a  trifle  outward. 
Through  holes  bored  near  the  top  of  the  pier  pipes,  long  rods  or  bolts 
were  then  run,  parallel  to  the  timbers  below  them,  thus  forming  the 
third  essential  of  the  mechanical  construction.  By  tightening  up 
these  bolts  in  the  ordinary  way,  the  tendency  was  to  spread  the 
cement  bases  of  the  piers  outward.  But  these  would  yield  only  slight- 
ly, and  any  degree  of  tension  could  be  secured  by  means  of  the  bolts. 
This  highly  portable  form  of  mounting  was  devised  and  first  employ- 
ed for  three  mountings  for  the  photographic  instruments  of  the  Am- 
herst Eclipse  Expedition  of  1896,  equipped  by  the  liberality  of  Mr. 
D.  Willis  James,  of  New  York,  and  sent  out  to  Japan  in  his  yacht 
"Coronet."  Such  a  mounting  admits  of  the  most  rapid  installation, 
and  furnishes  a  degree  of  rigidity  unusual  in  the  ordinary  types. 

RESULTS  OF  HELIOMETER  OBSERVATIONS  ON  THE 
REFRACTION  OF  RED  STARS. 

BY  F.  L.  CHASE. 


SWIFT'S  COMET,  1892  I. 

BY  W.   H.  PICKERING. 

Professor  William  H.  Pickering  presented  a  paper  on  Swift's 
Comet,  1892  I.  This  comet,  discovered  March  6,  was  first  noticed  to 
have  a  faint  tail,  by  Finlay,  on  March  26.  As  discovered  at  Are- 
quipa  March  29,  the  tail  was  well  developed.  Forty-four  photo- 
graphs were  taken  of  this  and  used  in  a  recent  investigation  of  its 
nature.  The  tail  was  plainly  twofold  in  character,  the  inner  tail 
continuously  issuing  from  the  head,  and,  being  at  least  twenty  de- 
grees in  length  a  month  after  passing  perihelion,  consisted  of  two 
absolutely  straight  rays  inclined  at  an  angle  of  ten  degrees.  The 
outer  tail  was  formed  of  successive  eruptions  from  the  head,  later 
diminishing  in  angle.  The  whole  effect  was  to  produce  multiple 
tails  like  the  comet  of  1744.  The  photographs  showed  the  inner 
tail  to  be  of  a  different  character  on  alternate  days,  now  appearing 
continuous  near  the  head,  and  now  bifurcated.  The  explanation  is 
that  the  comet  rotated  about  a  longitudinal  axis  directed  toward  the 
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sun,  the  rotation  period  determined  being  94.4  hours.  The  period 
was  determined  by  the  use  of  photographs  of  Professors  Barnard  and 
Wolf,  and  those  made  at  Arequipa  by  the  writer.  Bessel  observed  in 
Halley's  comet,  in  1835,  "a  vibration  from  side  to  side,"  with  a  period 
of  no  hours;  this  was  probably  a  similar  rotation  of  the  comet  with 
an  analogous  period.  The  changing  appearance  of  both  comets  being 
explicable  by  the  hypothesis  of  rotation,  the  next  endeavor  was  to 
find  a  physical  explanation  of  the  cause  of  such  rotation.  The  sun 
furnishes  a  strong  electro-magnetic  field,  the  comet  also,  by  the 
electrical  induction  of  the  sun,  receives  electrical  charges,  and  these 
charges  are,  by  the  gases  of  the  tail,  radially  projected  from  the  head 
of  the  comet,  and  become  in  effect  so  many  electrical  currents.  The 
result  of  the  motion  of  these  radiating  currents,  i.  e.,  tails  in  the 
magnetic  field  of  the  sun,  is  the  production  of  a  spinning  of  the  comet 
about  a  longitudinal  axis.  Theory  would  thus  produce  the  rotation 
demanded  by  observation,  and  the  rotation  would  be  independent 
of  the  direction  of  motion  of  the  comet,  but  north  of  the  solar  equa- 
tor the  rotational  force  is  in  one  direction,  and  south  of  it  in  the 
other. 

It  is  generally  impossible  to  indicate  a  point  in  the  tail  of  the 
comet ;  the  exception  occurs  in  the  plates  of  April  6,  7,  8,  and  10, 
where  a  bright  detailed  structure  is  receding  with  increasing  velocity 
of  from  one  million  to  twenty-five  million  kilometers  per  day.  The 
velocity  of  recession  is  thirty-six  times  the  acceleration  of  gravity, 
and  does  not  agree  with  any  of  the  velocities  required  by  Bredichin's 
hypothesis.  The  spectrum  as  given  by  the  objective  prism,  of  the 
head  and  tail,  showed  five  bands  probably  due  to  hydrocarbons. 
A  further  test  of  the  theon,-  of  axial  rotation  of  comets  near  the  sun 
would  be  an  observed  change  of  direction  or  speed  of  rotation  in  the 
solar  magnetic  field.  Another  would  be  the  observation  of  the  rota- 
tion when  the  tail  is  directed  approximately  toward  the  obsen^er. 


THIRD  CONFERENCE  OR   FIRST  MEETING 

The  third  Conference  of  Astronomers  and  Astrophysicists  was  held 
at  the  Yerkes  Observatory,  on  Wednesday,  Thursday  and  Friday, 
September  6-8,  1899,  in  accordance  with  arrangements  made  by  the 
committee  appointed  at  the  Second  Conference.  This  committee  had 
been  authorized  to  prepare  a  constitution  and  arrange  for  the  organi- 
zation of  a  permanent  society.  At  the  second  session  the  constitu- 
tion was  adopted,  substantially  in  the  form  presented  by  the  com- 
mittee and  as  printed  elsewhere  in  this  volume,  and  at  the  last  ses- 
sion, on  September  8,  the  organization  was  completed  by  the  election 
of  officers  as  follows : 

President Simon    Newcomb 

First  Vice-President Charles  A.  Young 

Second  Vice-President George  E.  Hale 

Secretary George  C.  Comstock 

Treasurer C.  L.  Doolittle 

„         .,        ^      ^  (  Edward  C.  Pickering 

Councilors  for  two  years <  ^  t^   t-    1 

•'  (  James  E.  Keeler 

r^         ■,        r  j  Edward  W.  Morley 

Councilors  for  one  year i  _  ,_      ■' 

(  Ormond  Stone 

Professor  Comstock  announced  that,  owing  to  poor  health,  he 
would  not  be  able  to  undertake  immediately  the  active  discharge  of 
the  duties  of  Secretary,  and  by  common  consent  Professor  E.  B. 
Frost  was  designated  as  Acting  Secretary  for  one  year. 

The  committee  on  the  total  solar  eclipse  of  May  28,  1900,  ap- 
pointed at  the  preceding  conference,  and  consisting  of  Professors 
Newcomb,  Hale,  Barnard  and  Campbell,  presented  a  preliminary 
report  in  which  it  was  stated  that  the  aim  of  the  committee  had  been : 

1.  To  ascertain  the  opinion  of  astronomers  regarding  the  best 
means  of  securing  cooperation,  the  most  important  classes  of  obser- 
vations and  the  best  means  of  securing  them,  and  the  plans  of  the 
various  eclipse  parties. 

2.  To  collect  other  information  likely  to  be  useful  to  persons 
planning  to  observe  the  eclipse. 

For  the  purpose  of  securing  information  the  committee  addressed 
a  circular  letter  to  American  astronomers,  and  from  the  replies  re- 
ceived, it  was  concluded  that  the  eclipse  would  be  extensively  ob- 
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served,  with  an  effective  distribution  of  stations  along  the  line  of 
totality,  that  a  great  variety  of  observations  would  be  made,  includ- 
ing studies  of  the  minute  structure  of  the  corona,  both  visually  and 
photographically,  photography  of  the  flash  spectrum,  determination 
of  the  wave-length  of  the  green  coronal  line,  measurement  of  the 
heat  radiation  of  the  corona,  photographic  search  for  intra-mercurial 
planets,  etc. 

The  report  was  accompanied  by  extracts  from  letters  received  from 
a  number  of  astronomers.  (Cf.  Astro  physical  Journal,  Vol.  X,  pp. 
215-219). 

The  committee  on  the  United  States  Naval  Observatory,  appointed 
at  the  second  conference,  reported  that  the  opinions  of  astronomers 
regarding  the  organization  of  the  Naval  Observatory  had  been  ob- 
tained and  communicated  to  the  Secretary  of  the  Navy.  In  harmony 
with  the  suggestion  of  the  committee,  the  Secretary  of  the  Navy, 
with  the  advice  and  approval  of  the  Superintendent  of  the  Observa- 
tory, had  appointed  a  Board  of  Visitors  to  visit,  examine  and  report 
upon  the  United  States  Naval  Observatory.  This  Board  consisted 
of  Hon.  William  E.  Chandler,  chairman ;  Professor  George  C.  Corn- 
stock,  secretary ;  Hon.  A.  G.  Dayton,  Professor  E.  C.  Pickering,  and 
Professor  George  E.  Hale. 

The   third  conference  was   attended  by   about   fifty   astronomers 
and  astrophysicists,  from  all  parts  of  the  country.    Like  the  preced-' 
ing  conferences  it  was  a  gathering  of  great  interest  to  those  who  were 
present.     Professor  William  Harkness,  then  director  of  the  United 
States  Naval  Observatory,  presided  over  the  sessions. 
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ABSTRACTS  OF  PAPERS 

POSITION  OF  THE  POLAR  AXIS  AND  THE  FLATTENING 

OF  NEPTUNE  FROM  THE  CHANGES  IN  THE  ORBIT 

OF  ITS  SATELLITE. 

BY  S.  J.  BROWN. 

The  large  changes  which  had  been  observed  in  the  longitude  of 
the  node  and  the  inclination  of  the  orbit  plane  of  Neptune's  satellite 
referred  to  the  earth's  equator  were  explained  by  Tisserand  on  the 
assumption  of  only  a  moderate  polar  compression  of  the  planet.  The 
orbits  based  upon  the  measures  of  Professors  Newcomb,  Hall,  Hol- 
den,  Hermann  Struve,  and  A.  Hall,  Jr.,  were  best  satisfied  by  a  uni- 
form, progressive  change  of  the  above  elements.  From  a  series  of 
observations  by  Barnard  in  1897-98,  and  another  by  himself,  the 
author  has  been  enabled  to  show  that  there  is  a  variation  in  the  rate 
of  this  change.  The  result  of  a  least  square  solution  from  all  the 
available  elements  from  1848  to  1898  was  given  in  a  table.  Although 
the  residuals  are  but  slightly  smaller  than  would  result  from  the  as- 
sumption of  a  uniform  rate,  this  is  chiefly  due  to  the  inaccuracy  of  the 
earlier  elements.  The  validity  of  a  variable  rate  is  further  con- 
firmed by  an  apparent  increase  in  the  mean  motion  of  the  satellite 
referred  to  the  movable  node  of  the  orbit  plane  on  the  earth's  equator, 
which  is  otherwise  difficult  to  explain.  The  equatorial  protuberance 
of  the  planet  will  cause  the  pole  of  the  satellite's  orbit  to  describe, 
with  uniform  retrograde  motion,  a  small  circle  around  the  pole  of  the 
planet's  equator  considered  as  a  fixed  point,  while  the  inclination  of 
the  two  planes  will  remain  constant.  The  node  of  the  satellite's  orbit 
on  the  planet's  equator  will  thus  move  uniformly  along  the  latter,  in 
a  direction  contrary  to  the  motion  of  the  satellite.  The  differential 
equations  of  this  motion  were  given. 

A  least  square  solution  of  thirty-six  equations  of  condition  gave 
the  following  elements  of  the  planet's  equator : 

7=     i7''-84l 
/„  =    49  .38 

9o  =   119  .16 

A^o  =    22  .02  . 

Ae  =     o  .677 

The  flattening  is  t  ^  1/102.2. 

The  period  of  the  revolution  of  the  pole  of  the  satellite's  orbit  is 
531.75  years.  The  flattening  is  a  quantity  represented  by  a  differ- 
ence of  only  o".03  between  the  polar  and  equatorial  diameters  of  the 
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planet — a  quantity  scarcely  measurable  in  the  most  powerful  tele- 
scope. 

(  Published  in  the  Astronomical  Journal,  No.  479). 

THE  REPSOLD  TRANSIT  MICROMETER  OF  THE  WASH- 
BURN OBSERVATORY  AND  SLAT  SCREEN 
APPARATUS. 

BY  A.  S.  FLINT. 

The  transit  micrometer  is  at  present  employed  on  the  meridian 
circle,  of  12.2  cm.  aperture,  in  a  new  series  of  observations  for  stellar 
parallaxes  by  the  method  of  meridian  transits.  The  essential  feature 
of  this  instrument  is  an  auxiliary  screw  which  is  geared  with  the 
regular  right  ascension  screw  and  carries  the  eye-piece  to  follow  the 
movable  thread.  The  observer  keeps  a  star  image  bisected  continu- 
ously by  means  of  two  turning  heads  on  this  auxiliary  screw,  one  on 
each  side  of  the  micrometer  box,  while  a  series  of  contact  points  on 
the  head  of  the  right  ascension  screw  eflfect  the  electric  signals  on 
the  chronograph.  The  present  observer  finds  the  probable  error  of  a 
single  signal  to  be  0.030s.,  the  same  as  in  the  ordinary  method  with 
fixed  threads. 

This  micrometer  has  also  a  device  for  obtaining  a  record  of  several 
bisections  on  a  given  star  in  declination  without  the  necessity  of  read-' 
ing  the  micrometer  head.  A  lever  clamped  to  the  declination  screw 
travels  over  a  short  graduated  arc  and,  being  pressed  down  by  the 
observer,  pricks  a  mark  on  a  strip  of  paper. 

Some  suggestions  were  made  for  minor  improvements,  but  the 
performance  of  the  micrometer  as  a  whole  has  been  found  very 
satisfactory. 

The  slat  screen  apparatus,  designed  by  Professor  Comstock,  is 
intended  to  furnish  the  simplest  means  of  diminishing  the  apparent 
magnitude  of  the  brighter  stars.  A  frame  clamped  to  the  objective 
end  of  the  telescope  bears  a  series  of  five  slats,  each  25  mm.  wide,  in 
front  of  the  objective.  These  slats  rotate  about  their  longitudinal 
axes  and  are  so  connected  as  to  turn  together  by  means  of  a  wire 
cord  passing  over  a  pulley  near  the  eye  end  of  the  telescope.  The 
entire  attachment  at  the  objective  end  is  made  of  aluminium,  and  the 
total  weight  added  to  the  telescope  is  27  oz.  As  viewed  with  the  slats 
partly  turned,  a  bright  star  appears  as  a  central  stellar  image  with 
a  line  of  spectral  images  extending  on  either  side  at  right  angles  to 
the  direction  of  the  slats.  Comparisons  indicate  that  this  novel  ap- 
pearance has  no  influence  upon  the  probable  error  of  a  single  chrono- 
graphic  signal. 
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TRIANGULATION  OF  STAR  CLUSTERS. 

BY  E.  E.  BARNARD. 

From  the  advantages  given  by  the  great  scale  of  the  forty-inch 
telescope,  it  was  decided  to  measure  the  positions  of  a  number  of 
stars  in  some  of  the  globular  clusters,  as  a  basis  for  the  study  of  their 
motions  in  the  future.  For  this  purpose  the  clusters  M  3,  M  5,  M  13, 
M  15,  and  M  92  were  selected  as  representative. 

In  comparison  with  Scheiner's  photographic  measures  of  M  13  it 
was  found  that  several  of  the  stars  had  either  diminished  very  greatly 
in  brightness  of  late  years,  or  that  their  light  must  come  mostly  from 
the  blue  end  of  the  spectrum.  The  stars,  382  and  393  of  his  list,  are 
striking  examples.  Both  these  stars  are  given  by  him  as  12.7  magni- 
tude. Visually,  the  first,  which  is  his  normal  star,  cannot  be  brighter 
than  the  15th  magnitude,  while  the  second  is  at  the  limit  of  the  great 
telescope  and  has  been  seen  a  few  times  only.  Though  it  is  possible 
that  these  stars  may  be  variable,  the  observations  do  not  seem  to 
show  it,  e.xcept  possibly  in  the  case  of  No.  393. 

VARIABLE  STARS  IN  CLUSTERS. 

BY  E.  E.  BARNARD. 

Some  of  the  small  variable  stars  discovered  by  Professor  Bailey 
in  M  13  have  been  regularly  observed  during  the  measures  of  that 
cluster.  Besides  the  small  variables  there  are  three  rather  bright 
stars  in  this  cluster  which  are  also  variable.  Two  of  these  were  dis- 
covered eight  or  ten  years  ago  by  Mr.  C.  D.  Packer,  of  London. 
These  three  stars  vary  slowly,  requiring  upwards  of  a  month  for 
their  variations,  and  one  of  them  has  a  much  longer  period.  The 
three  small  stars,  however,  are  very  rapid  in  their  changes,  with 
nearly  the  same  periods,  averaging,  as  Professor  Bailey  has  shown, 
about  half  a  day.  Variable  No.  33,  which  rises  from  the  15th  to 
about  the  14th  magnitude,  and  whose  period  is  12  hours  i  minute, 
has  been  specially  observed  at  the  request  of  Professor  Bailey.  The 
observations  show  that  this  object  lies  dormant  for  a  large  portion  of 
its  period  as  a  faint  star  of  the  15th  magnitude.  It  suddenly  begins 
to  brighten,  and  in  about  fifteen  minutes  has  doubled  its  light ;  it 
then  slowly  declines  to  a  position  of  rest. 

Several  new  variables  were  found  in  this  cluster  that  are  not 
marked  on  the  Harvard  photographs. 
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THE  FIFTH  SATELLITE  OF  JUPITER. 

BY  E.   E.  BARNARD. 

The  fifth  sateUite  of  Jupiter  was  observed  with  the  forty-inch 
telescope,  both  in  1898  and  1899,  and  good  measures  obtained  of  it. 
From  the  elongation  distances  obtained  at  these  observations  a  new 
value  for  the  motion  of  the  line  of  apsides  of  the  orbit  was  deter- 
mined. This  was  found  to  amount  to  900°  a  year,  or  a  complete 
revolution  in  4.9  months.  With  this  value  of  the  motion  of  the 
perijove,  all  the  elongation  distances  observed  for  the  past  seven 
years  were  accurately  represented.  A  new  determination  was  also 
made  of  the  periodic  time  which  is  11  h.  57  m.  22.647  s.  As  this 
period  was  derived  from  nearly  five  thousand  revolutions  it  is  prob- 
ably very  accurate. 

THE  ANNULAR  NEBULA  IN  LYRA. 

BY   E.    E.    BARNARD. 

A  number  of  the  planetary  nebulae  have  been  observed  and  meas- 
ured. The  position  of  the  nucleus  of  the  annular  Nebula  in  Lyra 
(M  57)  was  carefully  measured  in  1898  and  1899.  These,  compared 
with  Mr.  Burnham's  measures  in  1891  with  the  thirty-six-inch, 
telescope  of  the  Lick  Observatory,  seem  to  show  a  sensible  proper 
motion  for  the  whole  of  about  o".i3  annually.  This  can  be  verified 
with  certainty  by  measures  four  or  five  years  hence. 

The  small  stars  near  this  nebula  measured  by  Professor  Hall  at 
Washington  in  1877,  have  been  remeasured  and  the  observations 
show  that  one  of  these  stars  (/  of  Hall's  list)  of  the  15th  magnitude 
seems  to  have  considerable  proper  motion. 

DIFFERENCE  OF  DECLINATION  OF  ATLAS  AND 
PLEIONE. 

BY  E.   E.   BARNARD. 

The  summers  and  winters  of  Williams  Bay  subject  the  forty-inch 
to  extreme  ranges  of  temperature.  Micrometer  measures  were  made 
in  all  temperatures  between  -j-  80°  F.  and  —  26°  F.  These  obser- 
vations showed  that  the  focus  of  the  great  objective  changed  to  the 
extent  of  about  0.7  inch — shortening  witli  the  cold  weather.  To 
test  these  changes,  a  great  number  of  measures  of  the  difference  of 
declination  of  Atlas  and  Pleione  of  the  Pleiades,  had  been  made  in 
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1897,  1898  and  1899.  These  measures  besides  showing  considerable 
temperature  changes,  also  show  some  peculiarities  not  satisfactorily 
accounted  for  and  which  do  not  show  in  similar  measures  of  Electra 
and  Caeleno,  and  which  could  be  explained  by  a  slight  oscillation  in 
the  position  of  one  of  the  stars.  It  is  intended  further  to  continue 
these  measures. 

ON  THE  MOTION  OF  HYPERION. 

BY  ORMOND  STONE. 

If,  in  the  first  approximation,  the  motion  of  the  perisaturnium  of 
Hyperion  be  assumed  to  be  411'  —  yi,  in  which  n  and  n'  are  the  in- 
stantaneous mean  motions  in  longitude  of  Titan  and  Hyperion,  the 
perturbative  function  will  contain  an  expression  of  the  form 

Ci((?o  +  e'[i  +  cos(4/'  —  3'  —  ■^')]), 

in  which  Ci  is  a  function  of  the  mass  of  Titan  and  the  mean  dis- 
tances from  Saturn  of  Titan  and  Hyperion,  e„  is  the  quasi-eccentri- 
city  of  the  orbit  of  Hyperion  introduced  by  the  erroneous  assump- 
tion in  regard  to  the  mean  motion  of  the  perisaturnium,  e'  and  v'  are 
the  eccentricity  and  longitude  of  perisaturnium  properly  so-called, 
and  I'  and  /  are  the  longitudes  in  orbit  of  Hyperion  and  Titan,  the 
motions  of  the  two  bodies  being  considered  co-planar. 

Integration,  assuming  the  values  of  the  coefficients  given  by 
Newcomb  in  his  Astronomical  Papers,  Vol.  Ill,  and  comparison  with 
Eichelberger's  value  of  the  inequality  in  mean  longitude  detected 
by  Hermann  Struve,  results  in  two  solutions,  giving  rise  to  two  sets 
of  values  for  m,  the  mass  of  Titan,  and  e' : 

in  =  1/5000,  e'  =  0.0224, 

m  =  1/4370,  e'  —  0.019s. 

As  neither  of  these  values  of  m  differs  greatly  from  the  more  re- 
liable values  found  hitherto,  it  is  uncertain  which  of  the  solutions  is 
the  correct  one,  and  we  can  only  say,  at  present,  that  the  true  value 
of  the  eccentricity  of  the  orbit  of  Hyperion  probably  does  not  differ 
greatly  from  0.02. 
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THE  VARIABLE  VELOCITY  OF  POLARIS  IN  THE  LINE 

OF  SIGHT. 

BY  W.  W.  CAMPBELL. 

Polaris  furnishes  an  interesting  case  of  variable  velocity  in  the 
line  of  sight.     Six  spectrograms  were  obtained  in  1896,  as  follows: 

Gr.   M.   T. 


1896,  September 

8" 

22\8 

— 20.1  km 

September 

15 

22   .8 

—19. 1 

September 

23 

21    .4 

—18.9 

October 

5 

21    .0 

— 19.0 

November 

II 

19  -3 

— 20.1 

December 

8 

16.7 

—20.3 

Mean  — 19.6 

The  agreement  of  these  results,  was  satisfactory,  and  gave  no 
evidence  of  variable  velocity. 

In  order  to  test  the  current  results  of  our  work,  another  photo- 
graph of  the  spectrum  of  Polaris  was  obtained  on  August  8,  1899. 
This  yielded  a  velocity  of  —  13. i  km.,  and  led  to  the  suspicion  that 
we  were  dealing  with  a  variable.  Two  additional  plates  were  secured 
on  August  9th  and  14th,  which  yielded  velocities  of  — 11.4  and 
—  9.0  km.,  respectively.  Inasmuch  as  a  range  of  four  kilometers 
is  not  permissible  in  the  case  of  such  an  excellent  spectrum,  the 
star  was  suspected  to  be  a  short  period  variable  and  further  observa- 
tions were  obtained,  as  below : 


Gr.  M.  T. 

1899 

Velocity 

Measured  by 

August           9" 

0.8" 

—13-1 

Campbell 

9 

20.1 

—II. 4 

Campbell 

14 

22.8 

—  9.0 

Campbell 

16 

0.1 

—14. 1 

Campbell 

23 

0.3 

— 10.9 

Campbell 

24 

0.8 

—IS.  2 

Campbell 

26 

0.9 

—  9-4 

Campbell 

* 

—  8.6 

Wright 

27 

0.3 

— 10.6 

Campbell 

27 

16.2 

— 14.0 

Campbell 

28 

0.8 

—14.7 

Campbell 

* 

—14.3 

Wright 

28 

16.3 

—13.7 

Wright 

29 

0.4 

—12. 1 

Wright 

29 

18.8 

-9.6 

Wright 

30 

0.0 

-8.9 

Wright 

30 

16.2 

—  9.3 

Wright 

*Measures  of  the  same  plate  by  Mr.  Wright. 

On  plotting  these  observations  it  became  evident  that  Polaris  is  a 
spectroscopic  binary,  having  a  period  a  little  less  than  four  days 
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The  1899  observations  have  been  collected  and  plotted  on  the  as- 
sumption that  the  period  is  3"  23''.  The  velocity,  at  present,  seems 
to  be  included  between  —  8.6  and  —  14.6  km.,  having  an  extreme 
range  of  only  six  kilometers.  The  velocity  of  the  binary  system 
seems  to  be  about  twelve  kilometers. 

The  determinations  of  velocity  made  in  1896  lie  entirely  outside 
of  the  present  range  of  values,  and  leave  no  doubt  that  the  velocity 
of  the  binary  system  is  changing  under  the  influence  of  an  additional 
disturbing  force.  I  think  it  is  certain,  therefore,  that  Polaris  is  at 
least  a  triple  system. 

The  1896  observations  were  made  at  intervals  differing  but  little 
from  multiples  of  the  period  of  the  binary  system,  and  therefore  fell 
near  the  same  point  in  the  velocity  curve.  Assuming  a  period  of  3* 
23''  ±,  there  is  no  difficulty  in  selecting  the  epoch  of  minimum  so 
that  these  six  observations  will  fall  on  the  curve  satisfying  the  1899 
observations.  The  residuals  will  be  negligible  if  we  assume  the 
observations  to  fall  near  the  lower  part  of  the  curve ;  and  I  have  no 
doubt  that  future  determinations  of  the  orbit  will  definitely  place 
them  there.  It  will  be  seen  that  the  velocities  of  the  binary  system  in 
1896  and  in  1899  differ  about  six  kilometers. 

THE  SPECTROSCOPIC  BINARY  CAPELLA. 

BY  W.  W.  CAMPBELL. 

An  examination  of  six  spectrum  plates  of  a  Aurigae,  obtained 
with  the  Mills'  Spectrograph  in  1896-7,  leaves  no  doubt  that  this  star 
is  a  spectroscopic  binary.  The  spectrum  is  composite.  The  compo- 
nent whose  spectrum  is  of  the  solar  type  furnished  the  following 
velocities  with  reference  to  the  solar  system : 

1896,  August  31  -1-34  km. 
September  16  -1-54 
October  3  +49 
October  S  -f44 
November  12  4-4 

1897,  February  24  -|-  3 

On  the  first  photograph  the  spectrum  is  of  essentially  normal  solar 
type ;  on  the  others  it  is  unmistakably  different.  There  appears  to 
be  a  second  component  whose  spectrum  contains  the  Hy  line  and  the 
rather  prominent  iron  lines.  On  the  plates  of  September  16,  October 
3,  and  October  5,  these  lines  are  shifted  toward  the  violet  with  ref- 
erence to  the  solar  type  spectrum ;  and  in  the  spectra  of  November 
12  and  February  24,  they  are  shifted  toward  the  red. 
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ON  THE  DETERMINATION  OF  THE  CONSTANT  OF  NU- 
TATION FROM  HELIOMETER  OBSERVA- 
TIONS OF  EROS. 

BY  KURT  LAVES. 

The  opposition  of  Eros  at  the  end  of  next  year  will  grant  very 
valuable  material  for  the  determination  of  A^,  the  constant  of  nuta- 
tion. In  No.  3156  of  the  Astronomische  Nachrichtoi,  I  have  pointed 
out  that  this  constant  could  be  well  determined  from  heliometer  ob- 
servations of  such  small  planets  as  come  nearer  to  the  earth  than  the 
astronomical  unit.  In  the  discussion  of  the  heliometer  observations 
of  Victoria,  made  for  the  purpose  of  deriving  a  reliable  value  of  the 
mean  solar  parallax,  Dr.  Gill  has  carried  out  this  plan.  He  has 
found  A'' =  9".2o68  it  o".oo34  (see  Annals  of  the  Cape  of  Good 
Hope,  Vol.  VI,  part  6).  This  result  agrees  excellently  with  the 
value  of  A''  derived  from  direct  observations.  The  reason  for  this 
agreement  is  due  to  Dr.  Gill's  new  value  derived  for  L,  the  constant 
of  lunar  equation.  Indeed,  in  a  former  attempt  to  obtain  A'  by  this 
method,  I  had  employed  Leverrier's  value  L  =  6". 50,  and  I  was  led 
to  a  value  of  A^  =  9". 26.  The  classical  work  of  Dr.  Gill  has  shown 
beyond  doubt,  that  the  correct  value  of  L  is  much  smaller;  Dr.  Gill 
gives  for  it  6".4i4  ±  o".oo9.  With  this  value  he  has  obtained  the 
result  mentioned  above.  The  quantities  on  which  the  final  determin- 
ation of  A'^  depend  are :  the  constant  of  luni-solar  precession  p",  the 
mean  solar  parallax  tt",  the  constant  Of  lunar  equation  L  and  the  in- 
clination of  the  moon's  orbit  to  the  ecliptic  c.    We  find 

dN  =  o.4SrfL  — o.34rfT°-f  o.i7(f/>°  -f-  0.002rfi:. 

It  is  thus  evident  that  the  small  probable  error  of  L  in  Dr.  Gill's 
value  has  mainly  reduced  the  formerly  large  probable  error  of  A'. 
We  may  regard  the  probable  errors  of  L  -rr",  p",  c  are  as  follows : 

AZ,  =  ±  o".oo9;  Air»  =  it  o".oo5; 

A/)°  =  ±  o  .004;  Ac  ==  ±  I  . 

AZ,  and  Att"  are  the  values  obtained  from  the  heliometer  observations 
of  Victoria.  The  smallest  geocentric  distance  of  this  small  planet  was 
0.82.  The  greatest  geocentric  displacement  observable  for  the  pur- 
pose of  determining  L  was  15"  (this  displacement  is  due  to  the 
semi-monthly  translatory  motion  of  the  earth's  center  about  the  cen- 
ter of  gravity  of  the  system  earth-moon). 

During  the  next  opposition  of  Eros  this  planet  will  be  at  a  mean 
geocentric  distance  of  0.34  for  about  eight  weeks,  the  displacement 
witnessed  will  amount  to  about  37".     From  this  it  is  evident  that  a 
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systematic  series  of  heliometer  observations  of  this  interesting  object, 
will  both  give  us  a  much  more  accurate  value  of  tt"  and  grant  an  ex- 
cellent redetermination  of  L.  It  is  found  that  the  magnitude  of  Eros 
will  vary  between  8.8  and  9.7  during  this  time.  The  most  favorable 
opposition  possible  for  Eros  will  reduce  the  geocentric  distance  to 
0.15.  Assuming  the  mean  distance  for  two  weeks  to  be  0.20  we  shall 
have  an  angle  of  nearly  64"  available  for  heliometric  measurements. 

INNER  POTENTIAL  FORCES  IN  ASTRONOMY. 

BY  KURT  LAVES. 

In  No.  445  of  the  Astronomical  Journal  an  investigation  was  pub- 
lished concerning  the  ten  integrals  of  the  problem  of  n  bodies  for 
forces  involving  the  coordinates  and  their  first  and  second  differen- 
tial quotients.  The  conclusion  was  reached  that  the  new  potential 
function  W  must  be  an  arbitrary  function  of  the  mutual  distances 
and  relative  velocities  of  the  n  bodies  and  must  not  contain  the  time 
explicitly,  in  order  that  the  ten  integrals  should  hold.  In  a  communi- 
cation to  the  Academy  of  Sciences  of  Leipzig  on  January  9,  1899, 
Professor  A.  Mayer,  of  Leipzig  University,  has  recently  taken  up 
the  same  problem.  His  investigation  deals  with  the  problem  in  a 
more  general  way  and  has  brought  to  light  an  oversight  of  mine  in 
the  above  definition  of  W.  Following  this  IV  should,  in  addition  to 
the  arguments  mentioned  above,  contain  the  differential  quotients  of 
the  mutual  distances.  It  is  my  intention  to  give  a  detailed  account  of 
Professor  Mayer's  paper  in  one  of  the  next  issues  of  the  Astronomi- 
cal Journal. 

THE  ABERRATION  CONSTANT  FROM  MERIDIAN 
ZENITH  DISTANCES  OF  POLARIS. 

BY  A.  HALL,  JR. 

A  series  of  measurements  was  begun  by  the  author  with  the  meri- 
dian circle  of  the  Detroit  Observatory  of  meridian  zenith  distances  of 
Polaris,  with  the  idea  of  determining  the  aberration  constant  and  the 
latitude  variation. 

Measures  were  made  above  and  below  the  pole,  direct  and  re- 
flected, but  the  number  of  reflected  observations  has  been  rather 
small.  A  rough  reduction  of  the  observations  made  between  May 
1898,  and  July  1899,  gives  the  following  values  for  the  aberration 


constant : 


Direct  Reflected 

Upper  Culmination  2o".6o  2o".66 

Lower  Culmination  20  .58  20  .40 
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THE  PHONOCHRONOGRAPH  AND  ITS  ADVANTAGES  IN 
CERTAIN  ASTRONOMICAL  OBSERVATIONS. 

BY   M.   B.   SNYDER. 

In  all  kinds  of  astronomical  observations,  where  phenomena,  es- 
pecially of  an  unpredicted  character,  rapidly  succeed  each  other,  it 
has  invariably  been  found  extremely  difficult  to  make  time  records 
that  can  subsequently  and  with  certainty  be  identified  with  the  phe- 
nomena. Even  with  tried  assistants  as  recorders,  and  with  a  prear- 
ranged code  of  chronographic  signals  there  is  usually  a  double  fail- 
ure ;  first,  the  proper  records  are  not  made  by  the  assistants,  and 
secondly,  the  time  signals  can  not  be  satisfactorily  identified. 

The  phonochronograph,  as  for  brevity  I  designate  a  high  grade 
phonograph  also  transformed  into  an  efficient  chronograph,  seems 
fully  to  obviate  the  difficulties  mentioned.  The  instrument  records 
any  vocal  expression  made  by  the  observer  along  with  a  simultaneous 
sound  automatically  produced  every  second  or  two  by  the  clock  or 
chronometer.  The  record  both  for  time,  and  for  character  of  phe- 
nomena, is  unbiased,  absolutely  identifiable,  and  can  be  read  off 
without  introducing  any  reaction  time,  excepting  that  originally 
entering. 

The  instrument  consists  of  a  phonograph  whose  cylinder  rotates 
uniformly,  and  whose  sliding  carriage,  which  by  turns  bears  both 
the  recorder  and  the  receiver,  also  has  attached,  near  a  second  mouth- 
piece, a  small  electromagnet  whose  armature  is  attached  to  a  light 
wooden  hammer,  which  at  each  closure  of  the  electrical  circuit  by 
the  clock,  strikes  a  small  resonating  box  placed  opposite  the  second 
mouthpiece.  With  properly  selected  resonating  box,  it  is  found  that 
not  only  can  the  time  signal  always  be  read  off  by  ear  as  distinct 
from  the  vocal  record,  but  be  visually  distinguished  as  well.  For  the 
purpose  of  reading  off  the  time  record,  so  as  not  again  to  interpolate 
a  reaction  time,  the  sliding  carriage  also  bears  a  microscope  of  mod- 
erate power,  which  is  placed  at  an  angle  of  about  ninety  degrees  back 
of  the  recording  diaphragm  and  enables  one  clearly  to  distinguish 
the  clock  from  the  vocal  records.  To  enable  the  angular  distance 
between  the  clock  record  and  any  given  vocal  record  to  be  read  off, 
a  graduated  circle,  with  stationary  index,  is  attached  to  the  end  of 
the  phonographic  cylinder.  The  instrument  is  also  provided  with  a 
rotameter,  which  rests  on  the  surface  of  the  cylinder  and  indicates  the 
linear,  instead  of  the  angular,  distance  between  records. 

With  present  chronographic  appliances  it  is  feasable  to  construct 
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a  phonochronograph  that  will  run  for  ten  minutes,  and  it  seems  me- 
chanically possible  to  treble  this  at  least. 

In  observations  of  the  meteors,  where  unexpected  features  occur, 
and  particularly  in  solar  eclipses,  the  phonochronograph  seems  to 
possess  peculiar  advantages.  It  is  also  suggested  that  the  usual 
seconds-counting  done  by  an  assistant  during  totality  can  be  done, 
without  any  special  sacrifice  or  nervousness,  by  a  phonographic  cyl- 
inder previously  prepared. 

ACTINISM  OF  MOONLIGHT  IN  A  TOTAL  ECLIPSE. 

BY  G.  W.  HOUGH. 

Near  the  middle  of  the  total  eclipse  of  the  moon,  on  December  27, 
1898,  two  negatives  were  made  with  the  finder  telescope,  on  a  Seed 
27  plate,  with  an  exposure  of  five  minutes  each. 

The  resulting  negatives  gave  good  printing  density. 

Near  the  end  of  totality  it  clouded,  but  on  the  following  night  a 
number  of  negatives  were  made  with  the  same  telescope  with  reduced 
apertures. 

It  was  found  that  an  aperture  of  0.16  inch,  and  an  exposure  of 
ten  seconds  gave  a  negative  similar  to  that  made  during  the  eclipse. 

From  these  experiments  the  actinism  or  photographic  power  of  the 
eclipsed  moon  was  found  to  be  1/17,000  that  of  the  uneclipsed  moon. 
The  eclipsed  moon  was  not  equally  luminous,  and  the  photographic 
power  might  range  between  1/17,000  and  1/30,000. 

Young's  General  Astronomy  gives  the  photographic  power  of  the 
eclipsed  moon  of  January  28,  1888,  as  determined  by  Professor  Pick- 
ering, as  1/1,400,000  that  of  the  uneclipsed  moon. 

I  had  intended  to  determine  definitely,  with  my  sensitometer, 
the  total  actinism  of  the  eclipsed  moon,  but  the  exposures  which  were 
made  for  me  by  a  student  in  astronomy  were  all  too  short  to  be  of 
use. 

In  1892  I  published  a  table  giving  the  relative  sensitiveness  of  a 
considerable  number  of  commercial  dry  plates  for  sunlight,  candle 
light,  and  through  red  glass.  For  the  rapid  plates  it  was  found  that 
the  color-sensitized  plates  were  twice  as  sensitive  in  the  yellow  and 
eight  times  as  sensitive  in  the  red  light  as  the  ordinary  plates. 

As  the  light  of  the  eclipsed  moon  is  always  colored,  it  is  obvious 
that  its  actinism  or  photographic  power  will  depend  on  the  kind  of 
plate  employed ;  and  possibly  on  its  manipulation  previous  to  devel- 
opment, owing  to  the  effect  of  preliminary  or  supplementary  expo- 
sure. 
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CARBON  IN  THE  CHROMOSPHERE. 

BY  GEORCe  E.  HALE. 

The  level  at  which  carbon  vapor  exists  in  the  atmosphere  of  the 
sun  was  definitely  ascertained  in  1897  with  the  forty-inch  Yerkes 
telescope,  when  the  green  carbon  (or  hydro-carbon)  fluting  was 
found  in  the  spectrum  of  the  chromosphere.  The  layer  of  carbon 
vapor  to  which  the  fluting  is  due  is  not  more  than  a  second  of  arc 
in  thickness,  and  lies  in  immediate  contact  with  the  photosphere. 
For  this  reason  it  can  be  observed  only  with  the  most  powerful  tele- 
scopes, used  under  the  most  perfect  atmospheric  conditions.  The 
fluting  has  been  repeatedly  seen  at  the  Yerkes  Observatory  during 
the  past  summer,  and  its  individual  lines  identified  with  the  dark 
lines  in  the  solar  spectrum  ascribed  by  Rowland  to  carbon.  On 
August  17th  the  yellow  carbon  fluting,  which  is  more  difficult  than 
the  green  fluting,  was  also  found.  These  observations  reveal  an  in- 
teresting similarity  of  the  sun  to  red  stars  of  Secchi's  fourth  type,  in 
which  a  dense  absorbing  atmosphere  of  carbon  (which  is  far  more 
conspicuous  than  in  the  sun)  has  recently  been  found  with  the  forty- 
inch  telescope  to  be  surmounted  by  an  atmosphere  giving  a  spectrum 
of  bright  lines. 

SOME  NEW  FORMS  OF  SPECTROHELIOGRAPHS. 

BY  GEORGE  E.   HALE. 

Of  the  various  forms  of  spectroheliographs  described  in  my  pre- 
vious papers,  the  simplest  and  best  is  undoubtedly  that  in  which  the 
instrument  is  moved  as  a  whole  at  right  angles  to  the  axis  of  the 
telescope,  the  solar  image  and  the  photographic  plate  remaining  sta- 
tionary. It  is  not  always  possible,  however,  to  employ  a  spectro- 
heliograph  of  this  form.  With  the  forty-inch  telescope,  for  example, 
the  motion  of  the  very  heavy  spectroheliograph  required  could  not 
be  accomplished  without  jarring  the  instrument.  For  this  reason  it 
has  been  decided  to  cause  the  solar  image  to  move  across  the  first 
slit  by  means  of  the  slow  motion  declination  motor.  The  first  and 
second  slits  are  fixed  with  reference  to  each  other,  and  the  photo- 
graphic plate  is  moved  across  the  second  slit  by  means  of  a  screw 
driven  by  the  same  motor,  which  is  mounted  on  the  tube  of  the  forty- 
inch  telescope.  A  wide  range  of  exposures  can  be  secured  by  means 
of  a  system  of  change  gears.  This  spectroheliograph,  which  has  an 
aperture  of  6j4  inches,  is  now  ready  for  trial. 
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Two  other  forms  of  spectroheliographs  may  occasionally  prove 
useful.  The  solar  image  is  moved  across  the  first  slit  in  the  one  case 
by  means  of  a  photographic  doublet,  of  large  field,  mounted  between 
the  slit  and  the  principal  focal  plane  of  the  image  lens,  and  in  the 
second  case  by  means  of  a  right  angle  prism,  placed  immediately 
in  front  of  the  first  slit,  with  hypotenuse  face  parallel  to  the  optical 
axis  of  the  collimator.  A  suitable  combination  of  mirrors  may  be 
used  instead  of  the  prism.  The  doublet  and  prism  are  connected  with 
a  carriage  bearing  the  photographic  plate  across  the  second  slit,  and 
are  moved  in  a  direction  at  right  angles  to  the  optical  axis  of  the 
collimator.  Either  device,  used  in  conjunction  with  a  heliostat,  af- 
fords an  easy  means  of  transforming  a  large  fixed  laboratory  spectro- 
scope, of  almost  any  type,  into  a  spectroheliograph. 

COMPARISON  OF  STELLAR  SPECTRA  OF  THE  THIRD 
AND  FOURTH  TYPES. 

BY  GEORGE  E.  HALE. 

As  previous  observations  of  the  faint  red  stars  of  Secchi's  fourth 
type  have  shown  none  of  the  lines  in  their  spectra  it  has  been  impos- 
sible to  effect  any  satisfactory  comparison  of  these  stars  with  the 
red  stars  of  the  third  type.  So  far  as  their  characteristic  features  go, 
the  spectra  are  quite  dissimilar,  the  pronounced  carbon  absorption 
bands  of  the  fourth  type  having  no  counterpart  in  the  banded  spectra 
of  the  third  type  stars.  The  photographs  of  these  spectra  recently 
obtained  with  the  forty-inch  telescope  by  Mr.  Ellerman  and  the 
writer,  contain  hundreds  of  lines,  and  render  comparisons  possible. 
From  these  plates  it  has  been  found  that  in  certain  limited  regions 
third  and  fourth  type  spectra  are  almost  identical.  It  is  therefore, 
probable  that  the  stars  of  these  two  great  classes  are  closely  related 
to  each  other  and  to  stars  like  the  sun.  The  study  of  fourth  t3'pe 
stars  is  being  continued  at  the  Yerkes  Observatory. 

THE  REVISED  HARVARD  PHOTOMETRY. 

BY  E.   C.  PICKERING. 

In  the  Harvard  Photometry,  all  stars  were  inserted  having  the 
magnitude  6.0  or  brighter  in  any  of  the  principal  star  catalogues  then 
published.  Accordingly,  as  was  expected,  many  fainter  stars  were 
included,  since  a  star  really  faint,  but  estimated  bright  by  mistake  in 
any  of  these  catalogues,  would  be  entered  and  measured.  It  appears 
that  from  this  cause,  and  from  the  varying  scale  in  different  cata- 
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logues,  more  than  six  hundred  stars  are  included,  which  are  fainter 
than  the  magnitude  6.2  on  the  photometric  scale.  (See  H.  C.  Annals, 
Vol.  XIV,  p.  479).  Numerous  measures  of  the  brighter  stars  have 
been  made  in  recent  years,  with  the  large  meridian  photometer  which 
has  replaced  the  instrument  first  used.  They  include  823  stars  meas- 
ured in  connection  with  fainter  stars  in  Vol.  XXIV,  Table  I,  and 
1 179  stars  in  Vol.  XXIV,  Table  IV.  Measures  of  all  the  bright 
stars  south  of  declination  —  30°,  are  published  in  Vol.  XXXIV. 

The  stars  of  the  Harvard  Photometry  were  again  observed  in  1892- 
1894,  and  the  results  are  now  being  published  in  Vol.  XLIV.  A 
large  number  of  them  were  also  measured  in  1895-1898,  when  de- 
termining the  brightness  of  stars  of  the  magnitude  7.5  and  brighter 
north  of  declination  — 40^.  Finally,  the  stars  south  of  declinatiou 
—  30°  are  now  being  remeasured  in  Arequipa,  by  Professor  Bailey. 
In  a  recent  letter,  he  states  that  sixteen  series  were  obtained  on  six- 
teen successive  nights,  and  that  11,448  settings  were  made  during  the 
month  of  May,  1899.  It  is  hoped  that  this  work  will  be  completed 
during  the  present  year. 

It,  therefore,  appears  that  seven  photometric  catalogues  of  these 
stars  have  been  prepared.  In  Vol.  XXIV,  Table  I,  some  stars  were 
observed  on  only  two  nights,  but  in  all  other  catalogues  the  minimum 
number  of  nights  is  three,  and  for  many  of  the  stars,  especially  for 
those  that  are  bright,  the  number  is  much  greater.  When  the  ob- 
servations were  not  accordant  the  minimum  number  of  nights  was 
five  in  Vol.  XXIV,  Part  I,  and  seven  or  more  in  the  other  catalogues. 
The  number  of  photometric  settings  on  each  star  each  night  was 
generally  four,  but  was  occasionally  eight  or  more  in  the  later  work. 
The  total  number  of  photometric  settings,  including  those  of  the 
fainter  stars,  will  slightly  exceed  one  million.  It  will  be  seen,  there- 
fore, that  a  large  number  of  measures  of  all  the  bright  stars  have 
been  made  according  to  the  same  plan,  but  with  different  instruments 
and  by  different  observers.  Each  star  should  appear  in  at  least  two 
of  the  seven  catalogues,  and  generaly  in  three  or  more. 

It  is,  therefore,  proposed  to  issue  a  catalogue  of  all  the  stars  from 
the  north  to  the  south  pole  of  the  magnitude  6.0  or  brighter  accord- 
ing to  the  meridian  photometer,  which  will  show  the  brightness  as 
given  in  each  of  the  seven  catalogues.  This  work,  which  will  be  cal- 
led the  Rezriscd  Hanurd  Photometry,  will  also  contain  other  facts, 
such  as  the  approximate  right  ascension  and  declination  for  1900; 
the  designation  according  to  Bayer,  Flamsteed,  the  Ditrchmustcrung, 
the  Argentine  General  Catalogue,  the  Harvard  Photometry  and  the 
Southern  Harvard  Photometry;  the  magnitude  according  to  Her- 
schel,  the  Durehmusterung,  the  Argentine  General  Catalogue,  the 
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Uranometria  Oxoniensis,  and  the  Potsdam  Catalogues;  the  class  of 
spectrum,  and,  if  possible,  the  photographic  magnitude.  This  would 
also  furnish  a  quantitative  measure  of  the  color. 

As  it  is  believed  that  this  catalogue  will  be  found  convenient  for 
general  reference,  the  value  would  be  greatly  increased  if  the  precise 
position,  the  precession,  the  secular  variation,  and  the  proper  motion 
were  added.  This  does  not  seem  advisable,  however,  since  owing  to 
the  uncertainties  of  proper  motion,  and  systematic  errors  in  various 
catalogues,  the  labor  involved  in  this  work  would  be  very  great,  and 
probably  many  astronomers  would  be  dissatisfied  with  the  results, 
however  obtained.  A  simple  plan  would  be,  for  the  northern  stars, 
to  take  the  positions  for  1875  given  in  the  catalogues  of  the  Astro- 
nomischc  GcscUschaft,  and  for  the  southern  stars  those  given  in  the 
Argentine  General  Catalogue.  Residuals  for  a  few  other  catalogues 
could  be  given  and  thus  permit  other  places  to  be  used  if  desired. 
These  positions  would  be  sufficiently  accurate  for  stars  of  the  eighth 
and  ninth  magnitudes,  but  they  would  be  far  from  representing  the 
accuracy  with  which  the  places  of  the  brighter  stars  are  known.  Any 
suggestions  and  criticism  relating  to  the  above  plan  will  be  gratefully 
accepted,  as  it  is  not  yet  too  late  to  make  use  of  them. 


SOME  RESEARCHES  IN  STELLAR  COLOR. 

BY  G.    C.    COMSTOCK. 

By  placing  a  coarse  grating  in  front  of  the  objective  of  a  telescope 
the  image  of  a  star  is  broken  up  into  a  series  of  a  spectra  symmetrical- 
ly placed  on  opposite  sides  of  a  central  image,  and,  as  is  well  known, 
the  distance  of  the  several  spectra  from  the  central  image  depends 
upon  the  grating  interval  and  the  wave-length  of  the  light  in  ques- 
tion. When  the.  grating  interval  is  large,  e.  g.,  10  mm.  to  50  mm., 
the  first  order  spectra  of  stars  are  almost  indistinguishable  from  stellar 
points,  and  if  their  angular  separation  is  measured  with  the  filar 
micrometer  an  excellent  determination  of  the  mean  wave-length  of 
the  light  in  question  is  easily  obtained.  Observations  of  this  kind  are 
in  progress  with  the  40  cm.  equatorial  telescope  of  the  Washburn 
Observatory,  special  attention  being  given  to  colored  stars,  and  to  the 
planet  Mars  for  the  purpose  of  determining  any  possible  effect  of 
the  stellar  and  planetary  color  upon  observations  for  the  determina- 
tion of  the  solar  parallax.  While  definite  results  are  not  yet  obtain- 
able, it  may  be  stated  in  general  that  the  mean  refrangibility  of  the 
light  of  Mars  is  markedly  less  than  that  of  any  of  red  stars  yet  ex- 
amined. 
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Attention  has  also  been  given  to  the  color  of  Jupiter's  satellites  on 
account  of  the  application  of  interference  methods  to  the  determina- 
tion of  their  diameters  made  by  Michelson  and  Hamy.  Both  of  these 
investigators  appear  to  have  assumed  too  small  values  of  the  mean 
wave-length,  that  of  Hamy  requiring  to  be  reduced  about  twelve 
per  cent. 

REFRACTION  OF  RED  STARS. 

BY  F.  L.  CHASE. 

Gill  in  1877  and  Newcomb  in  1895  have  spoken  of  the  importance 
of  the  effect  that  a  difference  in  the  refraction  of  Mars  and  minor 
planets  from  that  of  the  comparison  stars  might  have  on  the  ap- 
parent parallaxes  of  the  planets.  Although  feeling  that  in  the  case 
of  Victoria  and  Sappho  this  color  effect  was  inappreciable,  as  stated 
in  his  recent  work  on  the  solar  parallax.  Dr.  Gill  requested  the  several 
observatories  engaged  in  solar  parallax  work  to  make  a  short  series 
of  heliometer  observations  on  several  highly  colored  stars.  Not  hav- 
ing time  to  carry  out  the  program  suggested  by  Dr.  Gill,  the  author 
selected  five  other  suitable  stars  and  carried  out  the  work  as  follows : 

The  plan  was  to  observe  the  distances  between  the  red  stars,  one 
preceding  in  right  ascension  and  the  other  following  it,  and  as  nearly 
as  possible  on  the  same  parallel  of  declination  with  it,  first  at  a  rather 
large  hour  angle  when  east  of  the  meridian  and  again  in  the  morning 
hours  when  west.  Now  it  is  evident  that  if  the  red  star  is  lifted  less 
by  refraction  than  a  comparison  star  which  precedes  it  in  right  as- 
cension, the  distance  between  them  on  the  east  side  of  the  meridian 
will  be  greater  than  it  would  be  if  both  stars  were  white  and  less  on 
the  other,  and  z'ice  zrrsa  if  the  comparison  star  follows  it.  By  taking 
two  comparison  stars  as  described  above  we  are  able  to  eliminate 
any  change  in  the  scale  value,  any  variation  in  the  atmospheric  re- 
fraction, and  the  difference  of  the  two  measured  distances  would 
evidently  give  double  the  effect  we  are  considering. 

Now  the  refraction  of  a  star  of  average  color  mav  be  represented 

by 

•^  R  =  P  tan  s. 

The  refraction  of  a  star  with  light  of  a  different  refrangibility 
would  then  be 

i?  =   (;8  +  d/3)  tan  z. 

It  will  therefore  be  easily  seen  that  the  refraction  correction  to 
the  observed  distance  between  two  stars  of  different  refrangibility 
should  receive  the  additional  correction 

—  dP  tan  c  cos(p  —  q), 
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z,  p  and  q  having  their  usual  significations  of  zenith  distance,  posi- 
tion angle,  and  parallactic  angle  respectively. 

To  each  measured  distance  it  would  then  be  simply  necessary  to 
add  the  term 

—  dP  tan  z  cosif  —  5). 

and  to  find  the  value  of  dp. 

Now  for  finding  the  value  of  dp  the  observations  of  each  of  the  five 
red  stars  which  were  to  be  observed  four  times  on  each  side  of  the 
meridian,  would  furnish  eight  equations  of  condition  of  the  form 

X  -\-  a  dp  =i  n, 

where  x  is  the  necessary  correction  to  the  assumed  value  of  the 
difference  between  the  distances  from  the  two  comparison  stars ;  a 
is  the  value  of  tan  s  cos  (p  —  q),  and  n  is  the  observed  difference  of 
the  two  distances  minus  the  assumed  difference. 

Combining  the  normals  derived  from  these  equations  of  condition 
for  the  observations  of  both  last  year  and  this,  and  solving,  I  find 
the  following  values  for  dp : 


Star 

Redness 

dP 

Weight 

Rt 

6.0 

+  o".o;:o  ±  o".oi5 

63.6 

R, 

7-1 

—  0  .008  ±  0  .014 

16.0* 

R, 

7.0 

—  0  .015  ±  0  .020 

64.4 

i?. 

8.7 

—  0  .046  ±  0  .018 

45-2 

R. 

7.8 

+  0  .008  ±  0  .024 

55-7 

Average  probable  error  of  one  observation  =  ±  o".iSi. 
*Not  observed  in  1899. 

A  separate  investigation  was  made  along  with  that  of  star  R.^, 
which  was  specially  selected  because  it  had  a  close  neighboring  white 
star.  The  distances  of  the  white  star  from  the  same  comparison 
stars  were  measured  on  the  same  nights  and  the  observations  were 
made  symmetically  with  respect  to  those  of  the  red  stars,  so  that 
the  conditions  were  absolutely  the  same  for  the  two  stars. 

Similar  equations  for  this  white  star  gave 

rf/3  =  +  o".o44  ±  o".022,  Weight  55.6, 

as  compared  with  -f  o".oo8  ±  o".024  for  Rr,. 

The  small  values  above  found  for  dp  (in  the  mean  for  five  red 
stars  we  find  dp  =  - — o".oo6  ±  o".oio),  and  more  especially  the  fact 
that  two  contiguous  stars,  one  white  and  the  other  red,  give  no  ap- 
preciably different  results,  aiford  rather  forcible  evidence  that  to  my 
eye,  at  least,  difference  of  color  in  the  stars  does  not  affect  heliometer 
observations  of  distance. 
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THE  RING  NEBULA  IN  LYRA. 

BY  J.  E.  KEELER. 

In  order  to  test  the  capabilities  of  the  Crossley  three-foot  reflector 
of  the  Lick  Observatory,  a  number  of  photographs  were  made  of 
well-known  celestial  objects.  As  the  focal  length  of  a  camera  should 
be  from  thirty  to  sixty  times  its  aperture  in  order  that  the  photo- 
graphic and  optical  resolving  power  may  be  equal,  it  is  doubtful  if 
this  nebula  has  ever  been  photographed  with  an  entirely  suitable 
instrument.  As  it  is  a  small  object  and  photographically  bright,  it 
could  be  advantageously  photographed  with  a  reflector  of  unusually 
long  focus.  The  lenses  of  refractors  absorb  the  actinic  rays  to  such 
an  extent  that  for  such  instruments  exposures  of  even  twenty  hours 
have  been  given  to  this  nebula.  With  the  Crossley  reflector,  under 
the  finest  conditions,  on  July  14th  of  this  year,  an  exposure  of  thirty 
seconds  produced  an  image  which  was  barely  visible ;  one  minute 
a  faint  image ;  two  minutes  a  distinct  image ;  and  ten  minutes  gave 
the  best  general  picture  of  the  nebula.  With  one  and  two  hours  the 
plate  was  much  overexposed.  The  focal  length  of  this  telescope  is 
lyYz  feet  but  if  it  were  four  times  greater  a  far  better  photograph 
could  doubtless  be  obtained,  the  necessary  exposure  then  being  about 
three  hours. 

The  ratio  of  aperture  to  focal  length  could,  however,  be  reduced 
by  cutting  down  the  aperture,  thus  diminishing  the  aberration  and 
atmospheric  disturbances.  But  for  an  object  like  this  nebula  the 
aberration  is  insensible,  the  star  images  being  excellent  at  half  an  inch 
from  the  axis ;  moreover  the  photographs  were  taken  on  nearly  per- 
fect nights  when  the  definition  would  not  have  been  improved  by 
reducing  the  aperture. 

These  photographs  of  the  ring  nebula  show  features  described  by 
observers  with  powerful  visual  and  photographic  telescopes,  and 
others  which  appear  to  be  new.  The  outline  of  the  nebula  is  oval 
rather  than  elliptical,  with  faint  structureless  fringes  of  nebulosity 
projecting  on  both  sides  of  the  oval.  The  ring  has  quite  a  compli- 
cated structure,  as  if  made  up  of  several  narrower  bright  rings,  in- 
terlacing somewhat  irregularly,  the  intervening  space  being  filled 
with  fainter  nebulosity. 

A  comparison  was  given  of  the  dimensions  of  the  nebula  as  meas- 
ured by  Barnard  with  the  Lick  refractor,  and  as  determined  by 
Stratonoff  on  photographs  obtained  in  ten  hours  exposure  with  a 
refractor  of  33  cm.  aperture,  and  as  measured  on  a  Crossley  plate 
with  ten  minutes  exposure.  The  author's  measures  give  a  somewhat 
greater  size  than  the  visual  measures,  and  also  average  slightly  more 
than  on  the  Russian  photograph. 
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Lord  Rosse's  drawing,  published  in  the  Philosophical  Transactions 
for  1844,  showing  the  interior  space  of  the  nebula  to  be  crossed  by  a 
series  of  dark  and  bright  bands,  and  hitherto  generally  deemed  fanci- 
ful, is  now  confirmed,  it  is  believed,  for  the  first  time. 

The  actinic  power  of  the  central  star,  noted  by  many  observers,  is 
also  confirmed  by  these  plates,  being  faintly  visible  on  the  plate  ex- 
posed for  thirty  seconds.  It  is  suggested  that  the  photographic 
strength  of  this  and  other  central  stars  may  be  due  to  bright  lines, 
probably  of  hydrogen,  in  the  upper  spectrum ;  and  the  author  does  not 
anticipate  difficulties  in  photographing  their  spectra.  On  all  the 
photographs  the  central  star  is  as  clearly  defined  as  are  other  stars 
outside  the  nebula ;  there  is  no  evidence  of  blending  into  the  nebu- 
lous background.  This  is  also  the  appearance  of  the  star  as  seen  with 
the  thirty-six-inch  refractor.  (Published  in  the  Asfrophysical  Jour- 
nal, Vol.  X,  pp.  193-201). 

THE  WAVE-LENGTH  OF  THE  GREEN  CORONAL  LINE. 

BY  W.  W.  CAMPBELL. 

One  of  the  problems  undertaken  by  the  expedition  sent  from  the 
Lick  Observatory  to  observe  the  Indian  eclipse  of  January  22,  1898, 
was  the  determination  of  the  rotation  of  the  corona  from  the  dis- 
placement of  the  green  coronal  line.  A  powerful  train  of  prisms 
loaned  by  Professor  Young  furnished  the  necessary  high  dispersion. 
A  successful  plate  was  obtained  during  the  eclipse,  and  while  meas- 
uring this  in  January,  1899,  I  learned  that  Lockyer  had  assigned  a 
new  wave-length  to  the  green  coronal  line.  On  reducing  my  meas- 
ures, with  the  aid  of  Hartmann's  formula,  I  obtained  a  result  in  sub- 
stantial agreement  with  his.    The  wave-length  is 

For   East   side,     X  =  5303.21 
For   West    side,   X  =  5303.32 


Mean,   X  =  5303.26, 

which  should  not  be  in  error  by  more  than  ±0.15  tenth  meters.  The 
difference  in  the  determination  for  the  two  sides  corresponds  to  a 
relative  velocity  of  6.2  km.  in  the  line  of  sight,  or  a  rotational  ve- 
locity of  3.1  km.  per  second.  However,  I  regard  this  result  as  sub- 
ject to  a  possible  error  of  at  least  ±  2  km.  per  second,  partly  on  ac- 
count of  unavoidable  errors  of  observation,  but  principally  on 
account  of  the  ill-defined  and  unsymmetrical  character  of  the  bright 
line. 

The  continuous  spectrum  of  the  inner  corona  was  recorded  out 
to  a  distance  of  2'. 5  on  the  east  side  and  i'.5  on  the  west  side.    While 
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the  dark  lines  in  the  recorded  comparison  spectra  are  sharp  and 
strong,  there  is  not  the  slightest  trace  of  dark  lines  in  the  recorded 
continuous  spectrum  of  the  corona.  This  radiation  seems  to  be  of 
coronal  origin,  and  is  not  due  to  reflected  photospheric  radiations. 

In  explanation  of  the  error  in  the  accepted  value  of  the  wave- 
length (A  5317)  of  the  green  coronal  line  which  has  prevailed  for 
many  years,  it  is  suggested  that  the  true  coronal  line  would  be  diffi- 
cult to  observe  so  long  as  the  chromospheric  spectrum  was  visible. 
Hence  the  observers,  setting  on  the  strongest  chromospheric  line  in 
this  region  at  X  5317,  which  is  ver)-  conspicuous  just  before  and  at 
the  instant  of  totality,  assumed  it  to  be  identical  with  the  true  coronal 
line,  and  located  it  at  14.74  K.  Later,  when  this  line  had  disappeared, 
rather  suddenly,  and  the  background  had  become  dark  enough  to 
allow  the  line  at  A  5303  to  be  seen,  the  observers  were  interested  in 
the  extent  and  other  properties  of  the  line  and  no  further  micrometer 
settings  were  made  for  fixing  its  wave-length.  (Published  in  the 
Astrophysical  Journal,  Vol.  X,  pp.  186-192). 

NOTES  ON  THE  REDUCTION  OF  STELLAR  SPECTRA. 

BY  EDWIN   B.   FROST. 

The  advantage  was  pointed  out  of  using  Hartmann's  interpolation 
formula  for  the  prismatic  spectrum  in  the  reduction  of  spectrograms 
taken  either  for  the  determination  of  wave-lengths  or  velocity  in  the 
line  of  sight.  An  outline  was  given  of  the  procedure  adopted  in  the 
latter  work  with  the  forty-inch  refractor.  Each  plate  is  reduced  by 
itself,  independently  of  any  solar  or  other  plate,  such  as  many  ob- 
servers have  used  as  auxiliary  in  the  process  of  reduction.  The  com- 
parison spectrum  from  a  spark  between  metallic  electrodes,  impressed 
upon  each  plate,  furnishes  all  the  data  necessary  for  the  reduction 
It  is  hoped  that  errors  due  to  effects  of  temperature  on  the  dispersion 
of  prisms  and  focus  of  lenses  are  thereby  reduced,  and  that  systematic 
errors  are  also  diminished. 

Attention  was  called  to  the  favorable  results  obtained  from  the  use 
of  titanium  as  a  source  of  the  comparison  spectrum.  The  lines  are 
numerous  and  well  distributed  throughout  the  upper  spectrum.  The 
metal  stands  third  in  Rowland's  arrangement  according  to  number  of 
lines  in  the  solar  spectrum.  The  spark  passes  with  great  readiness 
between  electrodes  of  metallic  titanium,  and  the  air  lines,  which  are 
annoying  in  case  of  the  spark  spectrum  of  iron,  are  not  produced. 
Sharp  titanium  lines  are  found  to  fall  at  points  in  the  spectrum  close 
to  the  positions  of  the  principal  lines  of  stellar  spectra  of  Type  lb, 
and  thus  facilitate  the  reduction  of  such  spectra. 
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CORRECTIONS  TO  DETERMINATIONS  OF  ABSOLUTE 
WAVE-LENGTHS. 

BY  EDWIN   B.   FROST. 

The  effect  upon  absolute  wave-length  of  lines  in  the  solar  spectrum 
of  the  eccentricity  of  the  earth's  orbit  seems  to  have  been  hitherto 
neglected,  presumably  because  the  observers  deemed  it  insignificant. 
The  largest  values,  however,  of  the  motion  of  the  earth  toward  and 
from  the  sun,  due  to  this  cause,  amount  to  0.50  kilometer  per  second, 
in  April  and  October;  and  if  velocities  of  stars  in  the  line  of  sight 
were  determined  directly  from  absolute  wave-lengths,  instead  of 
relative  wave-lengths,  uncertainties  of  one-half  of  a  kilometer  would 
at  once  arise,  in  measurements  now  given  to  the  tenth  of  a  kilometer. 
Expressed  in  wave-lengths  that  velocity  would  produce  a  displace- 
ment of  o.oii  tenth-meters  at  C ;  or  0.008  at  F. 

The  diurnal  correction  to  velocities  in  the  line  of  sight,  due  to  the 
earth's  rotation,  also  seems  to  have  been  omitted  in  reducing  meas- 
ures of  absolute  wave-length.  This  might  have  an  effect  up  to  0.006 
tenth-meter  at  C  or  0.005  ^^  ^■ 

The  need  of  even  a  higher  degree  of  accuracy  than  that  yet  ob- 
tained in  relative  wave-lengths  was  urged,  as  an  error  of  o.oi  tenth- 
meter  in  the  relative  wave-length  of  either  a  stellar  or  comparison 
line  (not  coincident)  whose  separation  is  measured,  produces  an 
error  of  0.7  kilometers  per  second  in  the  velocity  of  the  star  as  de- 
duced from  that  line.  (Published  in  the  Astro  physical  Journal,  Vol. 
X,p.283). 

SUGGESTIONS  FOR  THE  DETERMINATION  OF  STELLAR 
PARALLAX  BY  PHOTOGRAPHY. 

BY  FRANK  SCHLESINGER. 

As  the  star  to  be  examined  for  parallax  will  usually  exceed  each 
of  the  comparison  stars  in  brightness  by  six  or  seven  magnitudes, 
the  first  problem  is  to  reduce  in  some  way  most  of  the  light  of  the 
brighter  stars,  in  order  to  escape  various  errors  which  would  arise 
in  the  measurement  of  star  disks  very  unequal  in  size  and  appearance. 
It  is  suggested  that  the  portion  of  the  photographic  film  upon  which 
the  light  of  the  principal  star  will  fall  be  previously  treated  with  some 
suitable  dye,  thus  greatly  reducing  its  photographic  action. 

To  avoid  a  second  source  of  error,  distortion  of  the  film  after  ex- 
posure, a  modification  of  the  method  employed  by  Wilsing  is  sug- 
gested. Let  two  pictures  be  taken  close  to  each  other  on  the  same 
plate  at  the  first  date ;  let  the  plate  then  be  stored  undeveloped  in  the 
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dark  room ;  after  six  months  make  two  more  exposures  of  the  same 
star  and  comparison  stars  on  the  plate  at  a  httle  distance  from  the 
previous  impressions  ;  this  plate  can  then  be  developed  and  measured, 
without  fear  of  any  ill  effects  from  distortion  of  the  film.  The  first 
pair  of  exposures  on  a  new  plate  may  then  be  begun  and  this  stored 
for  six  months ;  and  so  on  until  a  sufficiently  long  chain  of  plates  is 
secured  to  give  good  values  both  for  the  parallax  and  for  the  rela- 
tive proper  motions  with  respect  to  comparison  stars. 

It  is  proposed  that  errors  of  optical  distortion  caused  by  peculiari- 
ties of  the  object  glass  be  eliminated  from  the  parallax  by  rotating 
the  lens  in  its  own  plane  through  i8o°  each  time  that  the  telescope 
is  reversed.  In  this  way  the  objective  will  present  the  same  position 
relative  to  a  stellar  configuration,  whether  in  the  east  or  west,  and 
optical  distortion,  if  any,  will  shift  all  images  of  the  same  star  alike. 

According  to  the  author's  estimate,  a  single  observer  working  fif- 
teen or  eighteen  hours  a  week  at  the  telescope  and  employing  the 
rest  of  his  time  in  measuring  and  reducing,  could  give  us  in  three 
or  four  years  the  parallaxes  of  two  hundred  stars  with  an  accuracy 
hitherto  attained  for  only  a  score.  (Published  in  the  Astrophysicd 
Journal,  Vol.  X,  p.  242). 

PERIODS  OF  THE  VARIABLE  STARS  IN  THE 
CLUSTER  MESSIER  5. 

BY  S.   I.   BAILEY. 

This  cluster  contains  about  nine  hundred  stars  on  the  photographs 
made  with  the  thirteen-inch  Boyden  refractor,  of  which  about  eighty- 
five,  or  one  in  eleven,  are  variable.  The  periods  of  about  forty  stars 
have  been  determined  from  measures  made  of  63  of  these  variables  on 
nearly  one  hundred  plates  by  the  author  and  Miss  E.  F.  Leland.  The 
period  and  light  curve  of  one  of  the  stars  in  this  cluster  were  deter- 
mined by  Professor  E.  C.  Pickering  in  1896,  and  the  periods  of  three 
others  by  visual  observations  with  the  Yerkes  refractor.  A  tabular 
statement  was  given  of  the  periods,  maximum  and  minimum  bright- 
ness and  range,  and  distances  from  the  center  of  the  cluster.  Draw- 
ings were  exhibited  of  the  light-curves  of  the  first  eight  variables  in 
the  group.  The  table  disclosed  a  striking  similarity  among  all  these 
variables,  not  only  in  regard  to  length  of  period,  but  in  magnitude 
and  range  of  variation.  Excepting  No.  9,  which  has  the  exceptional 
period  of  16''  47™,  the  longest  period  among  the  forty  stars  is  14*" 
59"*,  and  the  shortest  10''  48".  The  average  period  is  12"  37™,  so 
that  the  greatest  deviation  in  period  from  the  mean  is  2'' 21=".  At  max- 
imum these  variables  range  between  13.4  and  13.9  magnitudes,  and 
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at  minimum  between  14.5  and  14.9  magnitudes.  The  uniformity  of 
period,  magnitude,  and  light  curve  among  so  many  variables  in  the 
same  cluster  points  unmistakably  to  a  common  origin  and  cause  of 
variability.  No  such  uniformity  is  found  in  the  periods  and  light- 
curves  of  over  one  hundred  variables  determined  by  the  author  in 
the  great  cluster  w  Centauri. 

A  few  of  the  variables  in  M  5  have  been  studied  with  special  care 
for  the  exact  determination  of  the  form  of  the  light-curve,  and  dia- 
grams were  shown  of  two  of  these,  which  represent  what  may  be 
called  the  'Cluster  Type'  of  variables.  The  decrease  in  brightness  is 
rapid,  but  not  nearly  so  rapid  as  the  increase.  The  duration  of 
maximum  phase  is  exceedingly  brief,  if  any ;  the  minimum  brightness 
appears  to  be  quite  constant  for  several  hours.  The  whole  period 
may  be  divided  as  follows  : 

Duration  of  maximum  phase  o  per  cent. 

Duration  of  minimum  phase  40  per  cent. 

Duration   of   decreasing   phase  50  per  cent. 

Duration   of    increasing   phase  10  per  cent. 

(Published  in  Astrophysical  Journal,  Vol.  X,  pp.  255-260). 


NOTE  ON  THE  RELATION  BETWEEN  THE  VISUAL  AND 

PHOTOGRAPHIC  LIGHT-CURVES  OF  VARIABLE 

STARS  OF  SHORT  PERIOD. 

BY  S.  I.  BAILEY. 

With  a  visual  telescope  of  sufficient  power  a  series  of  frequent 
observations  of  a  variable  star  will  give  the  true  form  of  its  light- 
curve,  since  each  observation  consumes  so  little  time  that  it  is  not 
affected  by  the  star's  variability.  The  same  would  be  true  of  photo- 
graphic observations  if  the  time  of  exposure  could  be  made  so  short 
as  to  bear  an  inappreciable  ratio  to  any  change  of  phase.  This  ap- 
plies to  most  long-period  variables.  Certain  short-period  variables, 
however,  notably  those  belonging  to  dense  clusters,  are  so  faint  and 
go  through  their  changes,  especially  the  increase  in  light,  so  rapidly, 
that  the  necessary  exposure  bears  a  very  large  ratio  to  the  duration 
of  any  phase  and  important  modifications  in  the  form  of  the  light- 
curve  follow. 

When  the  light  of  a  star  is  changing  at  a  uniform  rate  and  in  the 
same  direction,  the  measured  magnitude  will  approximately  repre- 
sent the  actual  photographic  magnitude  at  the  middle  time  of  ex- 
posure, but  it  is  obvious  that  sharp  changes  in  the  light  of  a  variable 
will  not  be  well  registered  on  photographs  of  relatively  long  expo- 
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sure.  A  diagram  was  shown  of  an  assumed  light-curve,  where  tlie 
exposure  required  was  one-half  of  the  period  of  the  star's  entire 
variation,  and  the  rise  and  fall  of  the  brightness  were  equally  rapid. 
Here  no  photograph  of  the  required  exposure  would  record  a  com- 
plete minimum,  but  would  fall  above  it,  and  similarly  would  fall 
below  the  true  maximum.  Thus  the  tendency  of  the  photographs 
is  to  smooth  down  the  curve,  reducing  the  star's  apparent  range  of 
variation. 

Where  the  increase  and  decrease  of  light  are  of  different  rapidity, 
as  is  usually  the  case,  the  result  will  be  different.  A  diagram  was 
shown  of  a  slightly  modified  light-curve  of  variable  No.  7  of  cluster 
M  5.  In  order  to  represent  the  variable  at  a  complete  minimum  the 
exposure  must  close  before  the  beginning  of  the  maximum  phase. 
The  photograph,  the  middle  of  whose  exposure  is  at  the  beginning 
of  maximum,  will  have  the  first  half  of  its  exposure  at  minimum  and 
will  record  the  variable  as  of  less  than  maximum  brightness,  and  the 
maximum  possible  on  such  plates  will  be  recorded  on  the  exposure 
commencing  at  the  beginning  of  maximum.  With  the  usual  expo- 
sure of  one  hour  for  this  cluster,  the  photograph  beginning  an  hour 
before  maximum  would  record  the  minimum  photographic  magni- 
tude. This  retardation  will  depend  upon  the  light-curve  and  the 
exposure  time.  In  general  the  difference  in  time  between  the  photo- 
graphed and  the  actual  maximum  or  minimum  varies,  with  zero  as  a 
limit,  as  the  exposure  is  reduced.  Evidently  a  large  telescope  and 
very  sensitive  plates  are  desirable. 

Probably  the  shortest  period  yet  found  is  that  of  No.  91  in  w  Cen- 
tauri,  6''  11™;  as  it  is  not  improbable  that  much  shorter  periods  may 
be  discovered,  it  is  clear  that  the  relation  of  the  exposure  to  the  period 
becomes  very  important.  (Published  in  the  Astrophysical  Journal, 
Vol.  X,  p.  261). 

Neither  the  original  papers  nor  abstracts  have  been  obtained  of 
the  following: 

ON  THE  SEMI-DIAMETERS  OF  THE  SUN  AND  MOON 

BY  WILLIAM    HARKNESS. 

PROBLEMS     IN     MODERN     CELESTIAL     MECHANICS 
TREATED  BY  THE  USE  OF  POWER  SERIES. 

BY  F.  R.   MOULTON. 

LAPLACE'S  RING  NEBULAR  HYPOTHESIS. 

BY  F.  R.  MOULTON. 


SECOND  MEETING 

The  second  annual  meeting  of  the  Society  was  held  on  Tuesday, 
Wednesday  and  Thursday,  June  26-28,  1900,  at  Columbia  University, 
in  the  City  of  New  York,  in  connection  with  the  forty-ninth  annual 
meeting  of  the  American  Association  for  the  Advancement  of 
Science. 

The  number  of  papers  actually  read  before  the  Society  at  this 
meeting  was  approximately  the  same  as  at  previous  conferences,  but 
many  of  these  were  technically  presented  to  Section  A  of  the  Ameri- 
can Association,  and  were  read  at  the  joint  sessions  of  that  Section 
with  the  Astronomical  Society.  Only  those  papers  which  were 
formally  presented  to  the  Society  and  of  which  abstracts  have  been 
submitted  by  the  authors  are  summarized  below. 

A  new  feature  of  the  Society's  program  was  the  discussion  of  the 
observations  made  at  the  total  solar  eclipse  of  May  28,  1900,  accom- 
panied by  the  presentation  of  numerous  photographs  of  the  eclipse, 
and  the  discussion  of  the  program  for  observing  the  planet  Eros  dur- 
ing its  close  approach  to  the  earth  in  the  autumn  and  winter  of  1900- 
1901.  A  summary  of  these  discussions  follows  the  abstracts  of  pa- 
pers presented. 

The  election  took  place  on  the  last  day  of  the  meeting,  resulting 
in  the  following  list  of  officers  for  the  year  1900-1901 : 

President Simon  Newcomb 

First  Vice-President Charles  A.  Young 

Second  Vice-President George  E.  Hale 

Secretary George  C.  Comstock 

Treasurer C.  L.  Doolittle 

Edward  C.   Pickering 


Councilors . 


James  E.  Keeler 

Ormond  Stone 

Stimson  J.  Brown 
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RESOLUTIONS  ADOPTED 

The  following  resolutions  were  adopted  by  the  Council : 
Resovled,  That  the  Astronomical  and  Astrophysical  Society  of 
America  extends  to  the  Chief  of  the  IT.  S.  Weather  Bureau  its  hearty 
thanks  for  his  courtesy  in  transmitting  daily  weather  bulletins  to 
those  astronomers  who  observed  within  the  United  States  the  total 
solar  eclipse  of  May  28,  1900. 

Resolved,  That  the  Astronomical  and  Astrophysical  Society  of 
America  extends  to  the  Western  Union  Telegraph  Company  its 
hearty  thanks  for  the  courtesies  extended  by  it  to  those  astronomers 
who  observed  within  the  region  covered  by  its  lines  the  total  solar 
eclipse  of  May  28,  1900. 


ABSTRACTS  OF  PAPERS 

THE  R.\TE  OF  INCREASE  IX  BRIGHTNESS  OF  THREE 
VARIABLE  STARS  IN  THE  CLUSTER  MESSIER  3. 

BY  S.  I.   BAILEY. 

The  proportion  of  stars  found  to  be  variable  in  the  cluster  Messier 
3,  N.  G.  C.  5272,  is  greater  than  in  any  other  object  of  the  same  class. 
This  object  is  so  low,  however,  at  Arequipa,  and  the  stars  are  so  faint 
that  satisfactory  photographs  of  it,  with  the  thirteen-inch  Boyden 
refractor,  cannot  be  obtained  with  exposures  of  less  than  ninety 
minutes.  The  rate  of  increase  of  the  light  of  many  of  these  stars 
is  extremely  rapid  and  in  order  to  determine  this  change  with  the 
highest  precision,  photographs  of  very  short  exposure  are  necessary. 
At  the  request  of  the  Director  of  the  Harvard  Obesrvatory  a  series 
of  most  admirable  photographs  of  this  cluster  were  taken  with  the 
three-foot  Crossley  reflector  by  Professor  James  E.  Keeler,  Director 
of  the  Lick  Observatory.  These  photographs  were  taken  on  May 
20  and  21,  1900.  The  first  plate  had  an  exposure  of  sixty  minutes, 
but  all  the  others  twenty-four  in  number  had  exposure  of  only  ten 
minutes,  while  showing  the  variables  at  minimum  magnitude.  The 
shortness  of  these  exposures,  combined  with  the  high  quality  of  the 
plates,  make  the  results  obtained  very  satisfactory. 

Three  variable  stars  have  already  been  measured  on  these  plates. 
They  are  Nos.  11,  96  and  119.    The  series  of  plates  extended  from 
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17"  42"  46'  to  20"^  24"  11^  on  the  night  of  May  20th,  and  from  i/'' 
2-°  38=  to  2o•'53■"27^  May  21st,  G.  M.  T.  These  periods  of  time 
covered  the  entire  interval  from  minimum  to  maximum,  for  each  of 
the  above  stars  on  at  least  one  night.  The  same  stars  were  also 
measured  and  forty-nine  photographs  made  at  Arequipa  during  the 
years  1895-1899.  From  a  study  of  all  these  measures  I  find  the 
periods  to  be:  No.  ir,  12''  12""  25=;  No.  96,  i2'>  o""  15^;  No.  119,  i2i' 
24m  ^js  pQj.  jj^g  following  discussion  of  the  rate  of  increase,  how- 
ever, only  plates  made  by  Professor  Keeler,  on  the  night  of  May 
2 1st,  and  having  exposures  of  ten  minutes  were  used. 

The  measures  of  the  brightness  of  the  variables  were  made  by 
Argelander's  method,  using  a  sequence  of  comparison  stars  whose 
magnitudes  have  not  yet  been  determined.  The  results  are,  there- 
fore, given  in  grades.  The  value  of  one  of  these  grades  is  somewhat 
uncertain,  but  is  not  far  from  a  tenth  of  a  magnitude,  since  in  a 
previous  work  the  value  of  my  grade  has  been  0.085  o^  a  magnitude. 
The  observations  were  then  plotted,  using  vertical  distances  to  repre- 
sent magnitudes  and  horizontal  distances  to  represent  time,  and  a 
smooth  curve  was  dratvn  through  them.  The  time  scale  employed  in 
this  drawing  was  very  open,  in  order  to  read  with  greater  accuracy 
the  ordinates  of  the  curve  corresponding  to  intervals  of  five  minutes. 
The  results  of  the  measures  are  very  accordant.  Of  all  the  meas- 
ures on  the  Lick  plates  of  ten  minutes'  exposure  the  average  devia- 
tion from  the  curve  is  less  than  half  a  grade. 

From  these  curves  it  appears  that  the  total  increase  of  light, 
amounting  to  17.5  grades  in  the  case  of  variable  No.  11,  takes  place 
within  seventy  minutes;  in  the  case  of  No.  96,  an  increase  of  16.7 
grades  occurs  within  sixty  minutes  ;  and  No.  119,  17.0  grades,  within 
seventy-five  minutes.  The  maximum  increase  during  any  interval  of 
five  minutes,  is,  in  the  case  of  No.  11,  1.9  grades  ;  No.  96,  2.5  grades ; 
No.  119,  1.5  grades.  During  thirty  minutes  No.  11  increases  in  mag- 
nitude 10.9  grades,  or  at  the  rate  of  21.8  grades  per  hour;  No.  96, 
12.8  grades,  or  at  the  rate  of  25.6  grades  per  hour;  No.  119,  8.6 
grades,  or  at  the  rate  of  17.2  grades  per  hour.  The  greatest 
rapidity  is  met  in  the  case  of  No.  96,  where  for  five  minutes  the  in- 
crease is  at  the  rate  of  thirty  grades,  or  about  2.5  magnitudes  per 
hour,  and  during  thirty  minutes  has  a  rate  of  25.  6  grades,  or  more 
than  two  magnitudes  per  hour.  This  rate  of  change  appears  to  be 
more  rapid  than  that  of  any  other  star  known. 

The  Agol  variable  U  Cephei,  which  perhaps  undergoes  the  most 
rapid  change  of  any  star  not  found  in  clusters,  changes  at  the  rate 
of  about  one  and  a  half  magnitudes  per  hour,  during  the  half  hour 
when  its  increase  and  decrease  are  most  rapid.     The  total  times  of 
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increase  of  the  three  stars,  70,  60  and  75  minutes,  are  9,  8  and  10  per 
cent,  respectively,  of  their  whole  periods.  Near  the  beginning  and 
end  of  increase,  however,  the  rate  of  change  seems  to  be  rela- 
tively much  slower.  If  we  allow  one  and  a-half  grades  for  each  of 
these  slow  changes,  making  three  grades  in  all,  we  find  that  the  re- 
maining increase,  amounting  to  more  than  four-fifths  of  the  whole 
change  in  light,  takes  place  for  the  three  stars  in  42,  34  and  54  min- 
utes, respectively.  That  is,  in  about  6,  5  and  8  per  cent,  of  their  re- 
spective full  periods. 

In  the  case  of  No.  96  this  increase  is  about  ten  times  as  rapid  as 
the  corresponding  decrease.  In  general  it  may  be  stated  that  the 
length  of  periods  and  form  of  light-curves  are  similar  to  many  of 
those  in  the  clusters  IMessier  5  and  to  Centauri.  (See  Astro  physical 
Journal,  Vol.  X,  p.  255).  It  will  be  noted  that  the  periods  of  these 
three  stars  are  about  one-half  a  day.  Several  other  variables  in  this 
cluster  appear  to  have  approximately  the  same  period. 


THE  SERIES  OF  PARALLAXES  OF  LARGE  PROPER  MO- 
TION STARS  MADE  WITH  THE  YALE 
HELIOMETER. 

BY  F.  L.  CH.XSE. 

A  large  proper  motion  is,  as  is  well  known,  the  strongest  indication 
of  a  star's  nearness.  Some  years  ago  it  seemed  to  us  at  the  Yale 
Observatory  that  it  would  be  a  promising  task  to  make  a  rather 
sweeping  survey  of  all  the  fainter  northern  stars  having  a  large 
proper  motion  to  single  out  those  which  show  a  measurable  paral- 
lax. Our  list  was  based  upon  Porter's  Catalogue  of  Proper  Motion 
Stars,  and  it  was  our  aim  to  take  up  all  the  stars  therein  contained, 
which  showed  an  annual  motion  as  great  as  o".5  excepting  such  as 
had  already  been  observed  for  parallax. 

It  was  hoped  that  among  so  large  a  number,  nearly  a  hundred, 
some  very  near  neighbors  should  be  found,  but  in  case  that  the  results 
should  prove  wholly  negative  it  would  afford  some  satisfaction  to 
know  that  there  are  probably  no  more  stars  in  the  northern  skies 
w'ithin  a  certain  distance  of  us. 

This  research  was  begun  in  the  summer  of  1892,  soon  after  Porter's 
Catalogue  appeared,  and  has  been  the  problem  of  chief  attention  on 
my  part  since  that  time.  There  were  eighty-six  stars  in  my  list  and 
thirteen  in  Dr.  Elkin's  of  which  I  have  completed  the  observations 
of  eighty-four  and  Dr.  Elkin's  eight.     The  original  plan  was  to  ob- 
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serve  each  star  on  three  different  nights  near  each  of  the  two  epochs 
of  maximum  parallactic  effect.  For  each  star  when  possible  two 
suitable  comparison  stars  were  chosen  on  opposite  sides  of  the  princi- 
pal star  and  as  nearly  as  possible  at  the  same  angular  distance  from 
it.  The  observations  were  made  in  the  customary  symmetrical  order 
S  I,  S  2,  S  2,  S  I ;  S  I  denoting  the  angular  distance  from  one 
comparison  star  and  S  2  the  distance  from  the  other. 

At  first  it  was  intended  to  use  the  known  proper  motions  in  the 
reductions,  and  it  was  thought  that  three  observations  at  each  of  the 
two  epochs  would  be  sufficient  to  show  any  parallax  as  great  as  o".2. 
and  any  such  cases  were  to  be  further  investigated.  Later  it  seemed 
to  us  to  be  desirable  to  eliminate  the  effort  of  proper  motion  inde- 
pendently, which  can  be  quite  thoroughly  accomplished  by  repeating 
the  observations  through  two  more  epochs  in  the  reverse  order,  and 
at  the  same  time  this  enlarged  number  of  observations  should  furnish 
a  pretty  fair  approximation  to  the  true  value  of  the  parallax. 

The  plan  thus  modified  would  give  us  twelve  complete  observations 
for  each  star,  which  number  was  secured  in  nearly  every  case.  Each 
of  these  complete  observations  furnishes  an  equation  of  condition  of 
the  form : 

X  -\-by-\-  cz=^n 

where  x  represents  the  required  correction  to  the  assumed  scale  value, 
y  the  parallax,  c  the  correction  to  the  assumed  annual  proper  motion, 
b  the  parallax  factor  depending  upon  the  positions  of  the  stars  and 
that  of  the  earth  at  the  time  c  =  t —  1895.0,  (1895.0  being  about  the 
middle  of  the  period  covered  by  the  observations),  and  n  equals  the 
difference  Si  —  S  2  minus  an  assumed  value  for  this  difference. 

The  normals  from  these  equations  of  condition  have  all  been  form- 
ed and  a  preliminary  solution  has  only  just  been  finished.  As  to  the 
results  I  may  say  that  a  little  disappointment  was  felt  that  no  very 
large  parallaxes  were  found.  However  there  were  two  stars  viz :  54 
Piscium  and  Weisse  ly'^  322,  which  show  a  parallax  of  nearly  o".25 
and  which,  therefore,  if  the  results  are  confirmed  by  further  observa- 
tion, v^ill  place  them  among  the  first  ten  or  twelve  nearest  stars  so  far 
as  at  present  known.  I  have  selected  for  each  of  these  stars  two  new 
pairs  of  comparison  stars  and  have  nearly  completed  a  more  extended 
series  of  observations  of  them.  The  final  parallax  will  in  each  case 
depend  upon  fifty-six  complete  observations  instead  of  twelve  as  at 
present. 

A  preliminary  classification,  according  to  the  magnitude  of  the 
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parallax  found,  may  be  of  some  interest  and  is  given  in  the  follow- 
inef  table. 


Parallax. 

No. 

Stars. 

0".20 

to 

o".2S 

2 

0  .IS 

0   .20 

6 

0   .TO 

0  .15 

II 

0  .05 

O  .10 

24 

0   .00 

0  .05 

34 

o  .05 

0   .00 

8 

-O   .10 

— o  .05 

5 

o  .15 

—0   .10 

2 

The  probable  error  of  a  single  observation  comes  out  to  be  on  the 
average  about  ±  o".iyo.  Taking  the  average  weight  of  the  parallax 
to  be  30.0  the  average  probable  error  of  the  values  of  the  parallax 
found  would  be  ±  o".03i.  In  this  no  account  has  been  taken  of  the 
systematic  error  of  the  observer  which  has  not  yet  been  discussed 
for  this  problem.  It  should  also  be  borne  in  mind  that  the  parallax 
here  found  is  only  the  relative  parallax  to  which  should  be  added 
that  of  the  comparison  stars  employed. 

It  is  our  purpose  further  to  classify  the  results,  ist,  according  to 
the  magnitude  of  the  stars,  and  2nd,  according  to  the  amount  of  the 
proper  motion  which  may  perhaps  lead  to  interesting  conclusions. 
The  results  here  given  may  perhaps  be  slightly  modified  in  the  fuller 
discussion,  but  in  their  present  form  they  may  serve  to  give  some 
idea  of  a  piece  of  work,  which  we  hope  will  contribute  something  to 
our  present  knowledge  of  the  stellar  universe. 

THE   VELOCITY   OF   METEORS   AS   DEDUCTED    FROM 
PHOTOGRAPHS  AT  THE  YALE  OBSERVATORY. 

BY  W.  h.  fiLKIN. 

The  instruments  in  use  at  the  Yale  Observatory  for  the  photo- 
graphic observation  of  meteors  have  been  equipped  with  an  arrange- 
ment for  the  determination  of  the  velocity  of  meteors.  The  idea  of 
using  photography  for  this  purpose  seems  to  have  first  been  sug- 
gested as  long  ago  as  i860  by  J.  Homer  Lane,  the  well  known  physi- 
cist and  discoverer  of  'Lane's  law.'  In  1885  a  well  planned  attempt 
in  this  direction  was  made  by  Zenker,  in  Berlin  on  the  occasion  of 
the  expected  shower  of  Andromedids,  but  apparently  without  suc- 
cess, and  lately  the  suggestion  has  again  been  made  by  Professor 
Fitzgerald. 

The  Yale  apparatus  consists  of  a  wheel  (  a  bicycle  wheel)  rotating 
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in  front  of  the  cameras  and  carrying  a  number  of  opaque  screens. 
There  are  at  present  twelve  of  these  interceptors  and  the  rotation  is 
effected  at  the  rate  of  thirty  to  fifty  turns  per  minute  by  means  of  a 
small  motor  worked  by  three  or  four  bichromate  cells.  It  will  be 
advisable  to  increase  the  number  of  occultations  in  the  future,  how- 
ever. At  each  revolution  a  record  is  made  at  the  chronograph  so 
that  the  wheel's  velocity  at  any  instant  is  always  known. 

The  length  of  the  interruption  of  a  meteor  trail  and  the  resulting 
velocity  are  easily  derived  from  the  plates,  if  the  meteor  is  also 
recorded  on  a  plate  at  our  second  station  at  Hamden,  distant  about 
three  kilometers.  The  first  attempt  was  made  at  the  August  period 
last  year,  and  subsequent  ones  at  the  Leonid,  Andromedid  and 
Geminid  epochs  in  November  and  December  last.  In  all  so  far  five 
such  trails  have  been  obtained  with  corresponding  records  at  Hamden 
and  the  time  and  identification  also  secured.  These  have  been  care- 
fully measured  and  reduced  and  the  resulting  data  are  brought  to- 
gether in  the  following  table  of  which  the  headings  explain  them- 
selves sufficiently : 


Mettor 
No. 

Date 

1899 

Greenwich 
Mean  Time 

Apparent  Radiant 

1875.0 

R.  A.         Decl. 

Apparent 
Velocity 

(km  prr  sec  ) 

Approxi'ate 

Altitude 
(in  km.) 

I 
2 
3 
4 
5 

July  31 

Aug.     7 
Aug.     8 
Nov.  24 
Dec.  12 

I7h    4m  30s 
14    25      25 
16    32     47 
16    31      25 
21    43       0 

28°  55'  -1-  57°  31' 

288     12    —     6     20 

43    55    +  56    33 

27    43    +  40    33 

113    44    +  33    36 

50.4 
12.2 

50.3 
20.2 

36.5 

88  to  75 
50  to  45 
loi  to  94 
93  to  90 
90  to  96 

If  W'C  now  correct  the  values  for  the  apparent  radiant  and  velocity 
for  the  effect  of  the  attraction  of  the  earth  and  its  diurnal  rotation 
by  Schiaparelli's  formula,  we  derive  the  'corrected'  radiant  and 
velocity,  in  the  following  table  and  hence  the  "true'  velocity  of  the 
meteors  relative  to  the  stin.  The  last  columns  of  this  table  contain 
the  'true'  and  'apparent'  velocities  which  a  parabolic  orbit,  or,  in  the 
case  of  the  November  24  meteor,  an  elliptic  orbit  of  6.62  years  period 
should  have  produced. 


Meteor 
No. 

Corrected  Radiant 

1875.0 
R.  A.              Decl. 

Corrected  Ap- 
parent Velocity, 
(km.  per  sec.) 

True 
Velocity 
(km  per  sec.) 

Parabolic  or  Elliptic 
Velocity  (km. per  sec.) 

True 

Apparent 

1 
2 
3 
4 
5 

29°  50'  +  57°  40' 

289    44    —  27     58 

45     12    -1-  56    35 

23    52    -1-  39    46 

112    22+33      2 

49.1 
50 
49.0 
16.8 
34.7 

34.4 
32.0 

32.4 

39-8 
34.0 

41.8 
41.8 
41.8 
39.3 

42.4 

58.3 
27.1 
60.3 
19.6 
49-5 
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A  comparison  of  these  two  last  columns  with  the  corresponding  ones 
of  the  observed  values  shows  that  except  in  the  case  of  the  Androme- 
did  meteor  on  November  24th,  both  the  apparent  and  true  observed 
values  of  the  velocity  are  much  smaller  than  those  derived  on  the 
assumption  of  a  cometary  velocity.  The  former  (the  observed) 
velocities  lead  to  orbits  of  a  very  improbable  character  having  periods 
of  from  1.25  to  1.80  years,  so  that  it  would  seem  an  almost  certain 
conclusion  that  the  atmospheric  retardation  has  amounted  to  from 
eight  to  fifteen  kilometers  per  second  for  the  four  meteors.  On  the 
other  hand  the  Andromedid  of  November  24th  furnishes  the  follow- 
ing orbit,  by  side  of  which  is  placed  that  of  Biela's  comet  ac- 
cording to  Hubbard : 


Meteor  Nov.  24,  1899. 
T  =  108°  48' 

1875-0 


n 


1S52.0 


Biela's   Comet, 
T  —  109°    8'  ) 

245    51 
i    =     12    33  ) 
e   =  0.7SS9 
a   =  3.526 

Rather  unfortunately  this  Andromedid  trail  is  at  the  very  edge  of 
the  plate,  and  therefore  somewhat  ill-defined,  so  that  the  length  of 
the  single  interruption  available  is  somewhat  uncertain.  If  this  be 
changed  by  19"  from  the  original  measurement,  or  about  1/15  of  a 
millimeter  on  the  plate,  a  quantity  which  is,  perhaps,  admissable  un- 
der the  unfavorable  circumstances,  an  exact  agreement  with  the  com- 
etary elements  a  and  e  can  be  brought  about. 

This  remarkable  circumstance  makes  it,  therefore,  again  somewhat 
questionable  whether  the  small  velocities  found  for  the  other  four 
meteors  may  not  after  all  be  somewhere  near  the  cosmic  values  and 
the  truth  will  have  to  await  accumulated  evidence.  Especially  valu- 
able will  be  a  long  trail  with  considerable  change  in  altitude  and  a 
large  number  of  sharp  interruptions.  The  only  one  of  our  trails 
which  has  more  than  two  such  breaks  is  the  one  of  August  7th,  where 
three  values  of  the  velocities  can  be  deduced.  These  are,  in  the 
order  of  the  meteor's  progress,  and  descents,  12.33,  12. 11  and  12.09 
km.  per  second,  which,  while  showing  an  increased  retardation, 
hardly  admit  of  any  definite  conclusions.  As  I  have  just  said,  more 
data  are  necessary  and  we  hope  to  secure  them  and  also  increase  the 
accuracv  in  the  near  future. 
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RECENT  ASTRONOMICAL  WORK  AT  COLUMBIA 
UNIVERSITY. 

BY   HAROLD  JACOBY. 

Professor  Rees,  director  of  the  Columbia  University  Observatory, 
being  absent  at  Paris  as  a  member  of  the  international  jury  for  instru- 
ments of  precision,  it  devolved  upon  Professor  Jacoby  to  present  a 
very  brief  account  of  Columbia's  research  work  in  astronomy  during 
the  past  year.  The  University  possesses  no  adequate  observatory, 
so  that  the  work  in  observational  astronomy  has  been  perforce  con- 
fined very  largely  to  the  measurement  and  discussion  of  celestial 
photographs.  The  only  long  series  of  direct  observations  upon  the 
sky  itself  is  that  made  during  the  last  seven  years  with  the  zenith 
telescope  by  Professors  Rees  and  Jacoby  and  Dr.  Davis,  who  was  a 
member  of  the  observatory  staff  until  last  year.  This  series  of  ob- 
servations was  discontinued  in  May,  1900,  because  a  similar  one, 
upon  a  much  more  extensive  scale,  has  been  commenced  by  the  Inter- 
national Geodetic  Association.  It  is  hoped  that  the  Columbia  obser- 
vations, together  with  a  corresponding  set  made  at  Capodimonte, 
Italv,  will  furnish  a  valuable  contribution  to  our  knowledge  of  the 
constant  of  aberration  and  the  variations  of  terrestrial  latitude. 

The  measurement  and  discussion  of  astronomical  photographs  has 
included  work  upon  Rutherfurd  negatives  and  upon  negatives  made 
at  Helsingfors,  Finland,  and  at  the  Cape  of  Good  Hope.  In  connec- 
tion with  the  Rutherfurd  plates,  the  observatory  has  just  published 
Dr.  W.  C.  Kretz'  paper  on  the  'Stars  in  the  Coma  Berenices  Cluster.' 
This  paper  was  offered  by  Dr.  Kretz  last  year  as  his  dissertation  for 
the  degree  of  Ph.D.  It  will  be  distributed  very  soon.  Dr.  G.  N. 
Bauer's  paper,  also  a  dissertation  for  the  degree  of  Ph.D.,  contains 
a  determination  of  the  parallax  of  ji  Cassiopeise  from  Rutherfurd 
measures  of  position  angle.  It  is  now  in  course  of  publication,  as  is 
also  a  paper  by  Professor  Jacoby  on  the  'Pleiades.'  This  latter  con- 
tains the  results  of  further  computations  that  have  been  made  in 
recent  years,  using  the  same  Rutherfurd  measures  discussed  in  Pro- 
fessor Jacoby's  former  paper  on  the  'Pleiades,'  published  in  1892. 
The  new  discussions  bring  out  the  excellence  of  Rutherfurd's  work 
even  more  clearly  than  before.  Several  other  sets  of  Rutherfurd 
star  plates  have  been  measured  and  reduced,  but  it  has  not  yet  been 
possible  to  prepare  the  results  for  printing. 

An  attempt  was  made  last  year  to  photograph  the  November 
meteors,  and  one  trail  was  secured  by  Mr.  C.  A.  Post  and  Professor 
Rees,  at  the  former's  observatory  in  Bagport. 
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Dr.  Caroline  E.  Furness  has  completed  the  discussion  of  four 
photographs  of  the  stars  immediately  surrounding  the  north  pole  of 
the  sky.  These  photographs  were  made  at  Helsingfors  some  years 
ago,  and  measured  at  the  Columbia  University  Observatory.  Dr. 
Furness  has  deduced  from  these  measures  a  photographic  catalogue 
of  precision  including  the  stars  within  one  degree  of  the  pole,  and  has 
been  able  to  show  also  that  the  optical  distortation  of  the  Helsingfors 
telescope  is  confined  within  very  small  limits,  so  far  as  such  distor- 
tion depends  on  position  angle.  These  researches  are  in  course  of 
publication  by  the  observatory  of  Vassar  College,  and  have  formed 
the  subject  matter  of  a  dissertation  for  the  degree  of  Ph.D.,  confer- 
red upon  Miss  Furness  this  year  at  Columbia  Universit)'. 

A  similar  series  of  negatives  of  the  south  pole  was  made  some 
years  ago  at  the  Cape  of  Good  Hope,  and  these  have  been  in  course 
of  measurement  during  the  past  year  at  Columbia.  It  is  hoped  that 
they  can  be  completed  during  the  present  summer,  and  that  the 
results  can  be  computed  and  published  within  a  year. 

The  attempt  to  secure  an  independent  determination  of  the  con- 
stants of  nutation  and  aberration  by  photographing  close  polar  star 
trails  has  made  considerable  progress.  A  special  'fixed'  polar  tele- 
scope has  now  been  mounted  by  Dr.  Donner  in  a  suitable  new  build- 
ing at  Helsingfors,  at  which  place  it  is  intended  to  make  the  obse'va- 
tions,  in  order  to  take  advantage  of  the  high  altitude  of  the  pole,  and 
the  consequent  diminution  of  atmospheric  refraction.  This  fixed  tele- 
scope will  be  used  with  the  object  glass  of  the  present  Helsingfors 
astro-photographic  refractor.  We  shall  thus  secure  the  important 
advantage  of  using  a  glass  whose  optical  distortion  has  been  most 
carefully  investigated.  It  is  hoped  that  the  actual  work  of  making 
the  negatives  can  begin  at  Helsingfors  as  soon  as  the  nights  be- 
come a  little  longer,  and  that  measurements  can  commence  at  Colum- 
bia before  the  year  is  out. 

PHOTOMETRIC  OBSERVATIONS  OF  THE 
ASTEROID  EROS. 

BY    HENRY    M.    P.VRKHURST. 

My  simple  formula  for  the  diminution  of  the  light  of  an  asteroid 
in  proportion  to  the  angle  at  the  asteroid  between  the  sun  and  the 
earth,  seems  to  be  substantiated  by  Professor  Miiller,  within  ordi- 
nary limits,  but  the  new  asteroid  Eros  extends  the  angle  so  far  as 
to  create  uncertainty.  For  the  old  asteroids  the  extreme  value  of  this 
angle  seldom  exceeds  thirty  degrees ;  whereas  its  smallest  value  with 
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Eros  in  the  present  opposition  is  only  twenty-eight  degrees,  and  its 
greatest  value  more  than  twice  that  amount.  In  the  observations  of 
the  oppositions  of  our  moon  the  formula  of  simple  proportion  is 
appreciably  changed  before  reaching  that  extent.  If  the  formula 
depends  up)on  the  diminution  of  light  in  arithmetical  progression, 
the  variation  is  in  one  direction,  whereas  if  it  depends  upon  diminu- 
tion of  light  measured  in  magnitudes,  or  in  geometrical  progression, 
the  variation  is  in  the  opposite  direction.  It  has  seemed  to  me  de- 
sirable that  special  pains  should  be  taken  to  observe  Eros  photometri- 
cally, in  order  to  learn  what  we  can  of  the  true  law  of  diminution,  and 
if  possible  its  cause. 

I  desire  especially  to  call  attention  to  this  desirability,  for  the  rea- 
son that  a  tall  building  is  in  process  of  erection  so  close  to  my  obser- 
vatory that  should  it  be  completed  early  in  the  present  year,  it  may 
prevent  my  photometric  observation  of  Eros  at  the  times  essential  to 
this  investigation ;  in  which  case  we  must  rely  wholly  upon  such  ob- 
servations as  may  be  made  elsewhere.  I  had  already  made  prelim- 
inary observations  in  anticipation  of  this  investigation  before  the 
building  was  commenced ;  and  I  still  hope  that  I  may  be  able  to  com- 
plete my  work  before  my  observation  of  that  part  of  the  sky  is  cut  off. 


STANDARDS  FOR  FAINT  STELLAR  MAGNITUDES. 

BY  E.  C.  PICKERING. 

It  is  believed  that  the  follownng  extract  from  the  report  of  Pro- 
fessor Cross,  the  Chairman  of  the  Rumford  Committee  of  the  Ameri- 
can Academy,  will  be  of  interest  to  members  of  the  Astronomical 
Society. 

An  appropriation  of  five  hundred  dollars  has  been  made  from  the 
Rumford  Fund  to  be  expended  under  the  direction  of  Professor 
Pickering,  for  the  purpose  of  carrying  out  an  investigation  on  the 
brightness  of  faint  stars  by  co-operation  with  certain  observatories 
possessing  large  telescopes.  This  appropriation  results  from  a  com- 
munication made  to  the  Council  of  the  Astronomical  and  Astrophy- 
sical  Society  of  America  held  in  New  York  last  January.  It  was 
represented  that  the  most  urgent  need  of  astronomy  in  America  was 
adequate  endowment  of  the  great  telescopes  of  the  country  so  that 
they  could  be  kept  actively  at  work.  It  was  shown  that  while  the 
two  largest  telescopes  of  the  country,  and  of  the  world,  were  kept 
constantly  at  work  the  means  for  the  reduction  and  publication  of 
the  observations  is  wholly  inadequate,  while  some  of  the  largest 
telescopes  in  the  country,  representing  a  plant  costing  hundreds  of 
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thousands  of  dollars,  are  nearly  idle  and  therefore  useless.  Obser- 
vations of  the  greatest  value  can  be  obtained  with  these  instruments 
at  small  expense,  and  it  is  hoped  that  the  beginning  now  made  will 
justify  its  permanent  continuance  on  a  large  scale.  The  problem 
undertaken  is  the  determination  of  the  light  of  faint  stars,  selected 
as  standards.  These  will  furnish  points  of  reference  to  which  other 
photometric  measures  may  be  referred.  Five  photometers  have  been 
constructed  in  which  by  interposing  a  photographic  wedge  of  shade 
glass,  an  artificial  star  is  reduced  in  brightness  until  it  appears  equal 
to  a  real  star,  as  seen  in  a  large  telescope.  Thirty-six  regions  have 
been  selected  in  different  parts  of  the  sky,  in  each  of  which  a  series 
of  standards  is  to  be  measured.  Five  stars  of  about  the  twelfth 
magnitude,  five  of  the  fifteenth,  five  of  the  sixteenth,  and  five  of  the 
seventeenth,  are  to  be  chosen  in  each  of  these  regions.  The  faintest 
stars  will  be  selected  and  measured  with  the  Yerkes  forty-inch  and 
Lick  thirty-six-inch  telescopes.  Those  of  the  sixteenth  magnitude 
will  be  measured  with  the  twenty-six-inch  telescope  of  the  Univer- 
sity of  Virginia  and  perhaps  the  Princeton  twenty-three-inch  tele- 
scope. The  stars  of  the  fifteenth  magnitude  will  be  measured  with 
the  fifteen-inch  Harvard  telescope.  All  of  the  stars  will  be  compared 
with  the  stars  of  the  twelfth  magnitude,  whose  absolute  magnitudes 
will  be  determined  with  the  twelve-inch  Harvard  meridian  photo- 
meter. Their  relative  brightness  will  also  be  determined  more  ac- 
curately with  the  Harvard  fifteen-inch  telescope.  After  the  work  is 
fairly  started  it  is  believed  that  it  can.be  reduced  to  a  simple  routine, 
by  which  great  results  may  be  attained  with  a  moderate  expenditure. 
By  the  time  this  report  is  presented  it  is  expected  that  observations 
with  the  Yerkes,  Lick,  University  of  Virginia  and  Harvard  tele- 
scopes will  be  in  progress. 

REGISTRATION  OF  ASTRONOMERS. 


BY  E.  C.  PICKERING. 

A  plan  for  the  registration  of  astronomers  desiring  positions  was 
proposed  to  the  Society  at  its  meeting  at  the  Harvard  Observatory 
in  1898.  It  was  hoped  that  in  this  way  suitable  candidates  could  be 
found  for  vacant  positions,  and  at  the  same  time  good  positions  could 
be  found  for  those  qualified  for  them.  As  however,  the  members 
present  did  not  desire  that  the  Society  should  undertake  this  work, 
it  has  been  carried  out  by,  and  at  the  expense  of,  the  Harvard  Col- 
lege Observatory.  Blanks  of  the  form  appended  have  been  dis- 
tributed, and  during  the  last  eight  months,  thirteen  men  and  six 
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women  have  applied  for  positions.  Requests  for  assistants  have  been 
received  from  four  institutions,  but  in  only  one  or  two  cases  were 
the  vacancies  filled.  The  number  of  candidates  for  positions  is  there- 
fore abundant  and  it  is  hoped  that  institutions  will  avail  themselves 
more  freely  of  this  register  in  filling  positions.  No  charge  is  made 
either  to  institutions  or  individuals,  and,  if  desired,  communications 
are  regarded  as  confidential. 


PHOTOGRAPHS  OF  NEBULAE  AND  STAR  CLUSTERS 
OBTAINED  WITH  THE  CROSSLEY  REFLECTOR. 

BY  J.    E.   KEELER. 

The  photographs  on  glass  were  exhibited  by  Professor  Campbell, 
who  called  attention  to  some  of  the  difficulties  which  had  to  be  over- 
come in  the  use  of  the  instrument  and  to  the  important  results  estab- 
lished, that  nebulze  as  a  rule  are  spiral  in  form  and  as  an  exception 
irregular  in  form. 


SOME  NEW  SPECTROSCOPIC  BINARIES. 

BY   W.    W.    CAMPBELI,. 

A  list  of  half  a  dozen  spectroscopic  binary  stars,  recently  discov- 
ered by  Messrs.  Campbell  and  Wright  at  the  Lick  Observatory. 
(Published  in  the  Astrophysical  Journal,  Vol.  XII,  p.  254). 

A  SIMPLE  METHOD  OF  INSERTING  THE  COMPARISON 

SPECTRUM  IN  SPECTROGRAPHIC 

OBSERVATIONS. 

BY  W.  II.  WRIGHT. 

The  length  of  the  slit  is  limited  by  two  total  reflection  prisms 
mounted  immediately  in  front  of  the  slit  plate.  The  reflecting  edges 
of  the  two  prisms  are  parallel  to  each  other  and  at  right  angles  to 
the  slit;  and  the  distance  between  the  reflecting  edges  is  the  length 
of  the  slit.  The  artificial  light,  from  two  sets  of  electrodes  placed 
one  near  each  end  of  the  full-length  slit,  enters  the  slit  through  these 
prisms  near  their  vertices.    The  method  possesses  many  advantages. 
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COLOR  SCREENS  AS  APPLIED  TO  ACHROMATIC 
TELESCOPES. 

BY  GEORGE  H.  PETERS. 

Attention  was  called  to  the  want  of  definition  caused  by  the  second- 
ary spectrum  in  large  refractors.  It  was  then  shown  how  this  was 
removed  at  the  U.  S.  Naval  Observatory  by  adapting  a  cell  filled  with 
an  absorbing  solution  between  the  eye-piece  and  eye  of  the  observer 
in  the  twenty-six-inch  telescope.  The  thickness  of  the  absorbing 
layer  is  about  six  millimeters,  and  the  solutions  used  are  the  fol- 
lowing : 

1.  Picric  Acid  and  Chloride  of  Copper  dissolved  either  in  water 
or  alcohol,  for  cutting  out  the  red  and  blue  light. 

2.  Picric  Acid  dissolved  in  alcohol  or  water. 

3.  Bichromate  of  Potash  in  water. 

4.  Chromate  of  Potash  in  water. 

Solutions  2,  3  and  4  remove  the  blue  and  violet  light.  Alcohol  is 
used  in  cold  weather.  The  absorption  of  the  liquids  is  tested  by  a 
direct  vision  spectroscope. 

Some  of  the  benefits  derived  from  the  color  screen  are : 

Improved  definition  on  planets  and  satellites  and  in  certain  classes 
of  double  stars. 

In  observations  of  objects  by  daj^  where  the  blue  light  from  the 
sky  is  removed. 

Professor  See  and  Mr.  Peters  are  jointly  credited  with  this  device. 
(See  Astronomischc  Nachrichtcn,  No.  3636). 

THE  SPECTROGRAPHIC  DETERMINATION  OF  THE  MO- 
TIONS OF  THE  STARS  IN  THE  LINE  OF  SIGHT. 

BY  W.  W.  C.\MPBELL. 

Complying  with  the  Council's  request  for  a  paper  on  this  subject, 
the  following  points  were  presented  : 

The  great  interest  taken  in  this  problem  is  attested  by  the  fact  that 
the  largest  refracting  telescopes  in  the  United  States,  France,  Eng- 
land, Germany,  Russia  and  Africa  are,  or  soon  will  be,  largely  de- 
voted to  the  determination  of  stellar  velocities. 

It  must  not  be  assumed  that,  because  a  thirty-six-inch  objective 
receives  nine  times  as  much  light  as  a  twelve-inch,  it  will  be  able  to 
carry  velocity  determinations  in  that  ratio  to  the  fainter  stars.  The 
larger  telescope  is  accompanied  by  stronger  absorption  of  the  light, 


SOCIETY  OP  AMERICA  113 

by  larger  stellar  images  (except  in  perfect  seeing),  by  greater  diffi- 
culties in  guiding,  etc. ;  so  that  it  is  able  to  extend  the  work  of  a 
twelve-inch  telescope  only  five  to  seven-fold.  A  thirty-six-inch  re- 
flector, suitably  mounted,  and  in  a  dry  climate,  would  probably  be 
more  efficient  than  a  thirty-six-inch  refractor  in  this  problem. 

Success  in  determining  stellar  velocities  depends  upon  a  great 
many  elements,  of  wliich  the  following  were  all  that  time  permitted 
a  mention. 

I.  A  suitable  compromise  between  the  various  optical  and  me- 
chanical features — many  of  which  conflict — to  secure  a  powerful  and 
efficient  spectrograph. 

II.  Suitable  prisms  and  lenses.  The  requirements  demanded  by 
the  line  of  sight  tests  are  so  severe  that  satisfactory  lenses  and  prisms 
are  difficult  to  obtain.  Since  a  change  to  a  new  prism-train  usually 
requires  many  changes  in  the  mounting,  the  prisms  should  be  con- 
structed and  thoroughly  tested  before  the  rest  of  the  instrument  is 
designed. 

The  day  for  using  the  ordinary  double  camera  lens  is  past.  Even 
the  triple  lenses  do  not  fulfill  the  difficult  spectrograph's  requirements. 

III.  Absence  of  differential  flexure  during  the  exposure  time: 
the  optical  angles  must  remain  constant.  This  is  very  largely  a  prob- 
lem in  mechanical  design.  The  elimination  of  appreciable  flexure 
effects  during  long  exposures  is  difficult,  but  not  impossible.  Exist- 
ing spectrographs,  including  those  just  now  completed,  are  wrongly 
designed,  in  that  they  are  supported  only  at  one  end.  The  heavy 
prism  end  projects  out  into  space,  unsupported.  The  spectrograph 
is  held  out  'at  arm's  length,'  so  to  speak.  Now  the  spectrograph  is 
an  instrument  complete  in  itself,  and  need  not  be  rigidly  connected 
with  the  telescope  tube.  A  framework  connected  with  the  telescope 
could  be  arranged  to  support  the  spectrograph,  in  position,  both  near 
its  upper  and  its  lower  ends ;  care  being  taken  that  strains  in  the  sup- 
porting framework  should  not  be  communicated  to  the  spectrograph. 
This  form  of  support  would  permit  a  more  economical  distribution 
of  material  in  the  spectrograph,  and  should  decrease  the  flexure 
eiifects  several  fold. 

IV.  The  Mills  spectrograph  has  been  enclosed  in  a  wooden  box 
case,  lined  with  thick  hair  felt,  carrying  on  its  interior  surface  about 
thirty  feet  of  German  silver  wire.  As  the  temperature  within  the 
case  falls,  a  storage  batter)^  is  connected  with  the  resistance  wire. 
The  heat  generated  tends  to  keep  the  instrument,  and  especially  the 
prisms,  at  a  constant  temperature — a  most  important  desideratum. 

V.  An  accurate  method  of  guiding  during  the  exposure. 

VI.  The  use  of  the  finer  dark  lines  throughout  the   spectrum. 
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rather  tlian  of  the  heavier  lines  which  have  heretofore  been  the  ones 
measured. 

VII.      Long  experience  in  making  the  measures. 

An  exposure  of  one  hour  is  required  for  a  star  of  the  fifth  photo- 
graphic magnitude,  as  given  in  the  Draper  Catalogue. 

At  the  Lick  Observatory  two  or  more  plates  have  been  secured 
for  each  of  about  three  hundred  stars.  For  the  best  stars,  such  as 
Polaris,  the  probable  error  of  a  single  determination  of  velocity  is 
about  one-third  of  a  kilometer  per  second.  For  such  stars  the  plates 
seem  to  be  essentially  perfect,  and  to  secure  greater  accuracy  it  ap- 
pears that  a  more  powerful  spectrograph  is  required. 

Even  with  perfect  plates  the  observer  must  be  on  his  guard  against 
systematic  errors  arising  from  changes  in  his  personal  habit  of  meas- 
urement. 

Of  the  three  hundred  stars  observed,  twenty-two  have  been  found 
at  the  Lick  Observatory  to  be  binary,  in  addition  to  three  previously 
detected  from  the  same  list  by  Belopolsky.  This  leads  us  to  the  im- 
portant conclusion  that  one  star  in  twelve  is  a  spectroscopic  binary. 
And  it  is  probable  that  others  of  the  stars  observed  are  binaries  as 
yet  undetected. 

SOME  PECULIARITIES  IN  THE  RADIAL  VELOCITY  OF 

f  GEMINORUM. 

BY  W.   W.  CAMPIiELL. 

This  is  a  well  known  variable  star,  period  of  ten  and  one-sixth 
days.  Its  velocity  in  the  line  of  sight  was  found,  independently  at 
Pulkowa  and  Mt.  Hamilton,  to  be  variable.  Forty-five  observations 
at  Mt.  Hamilton,  distributed  over  one  and  one-half  years,  left  no 
doubt  that  this  star  is  a  spectroscopic  binary,  and  that  the  variation 
in  brightnes  is  produced  by  the  companion.  The  eclipse  theory  is  un- 
tenable. The  variation  is  probably  the  result  of  tidal  action  between 
the  two  bodies. 

The  observed  velocities  cannot  be  represented  by  elliptic  motion. 
Drawing  the  elliptic  curve  which  best  represents  the  observations, 
the  observed  curve  is  alternately  above  and  below  it,  crossing  it  at 
intervals  of  about  forty-one  hours.  Three  complete  periods  of  the 
minor  irregularities  coincide  with  one  light  period.  These  minor 
irregularities  in  the  observed  velocities  are  probably  due  to  minor 
tidal  effects  in  the  star's  atmosphere.  (Published  in  the  Aslropliysi- 
cal  Journal,  \o\.  XIII,  p.  90). 

H.  M.  Paul.    I  would  like  to  ask  if  these  observations  were  plotted 
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to  represent  all  the  observations,  obtaining  the  period  from  these 
observations. 

Mr.  Campbell.  They  were  all  plotted  with  reference  to  the  bright- 
ness of  the  star  assuming  the  old  period.  There  is  some  doubt  as  to 
the  exact  form  of  the  light-curve.  I  have  endeavored  in  every  pos- 
sible way  to  ascertain  the  form  of  the  light-curve ;  but  there  seem  to 
be  some  irregularities,  and  I  think  that  extremely  accurate  observa- 
tions would  show  that  the  brightness  curve  has  the  same  irregulari- 
ties as  the  velocity  curve ;  that  there  is  a  reflex  action  of  one  upon 
the  other. 

Mr.  L.  E.  Jewell.  Mr.  Campbell  has  suggested  that  the  irregular- 
ity in  the  motion  in  the  line  of  sight  may  be  due  to  tidal  action,  which 
I  think  is  probably  the  case ;  but  he  has  also  suggested  that  it  may  be 
due  to  tidal  compression,  which  I  do  not  think  can  explain  the  phe- 
nomenon. I  have  myself  been  engaged  in  some  work  bearmg  upon 
that  problem,  and  among  other  things  the  pressure  of  the  different 
layers  of  the  solar  atmosphere ;  but  the  lines  which  have  been  meas- 
ured in  the  solar  atmosphere  do  not  have  a  pressure  of  more  than 
one  and  one-half  atmospheres,  considering  the  pressure  of  the  earth's 
atmosphere  as  one.  The  variation  due  to  difference  of  pressure 
would  be  too  slight  to  produce  the  effect  that  he  speaks  of.  I  think 
it  probable  some  tidal  action  causes  the  motion  in  the  line  of  sight, 
and  that  it  is  not  due  to  change  of  pressure,  because  the  differences 
of  pressure  would  be  too  slight  to  produce  such  an  effect.  In  the 
case  of  the  sodium  lines  in  the  sun's  atmosphere,  the  actual  pres- 
sure is  only  about  an  atmosphere  and  a  quarter.  The  variation  in 
the  hydrogen  lines  would  be  very  small,  and  it  is  probably  produced 
in  a  higher  layer  of  the  sun's  atmosphere. 

Mr.  Campbell.  We  seem  to  have  no  analogous  case  to  this  star 
from  which  to  obtain  data  to  explain  it.  We  have  no  knowledge 
of  tidal  action  elsewhere,  but  here  we  seem  to  have  enormous  evi- 
dence of  tidal  action. 

T.  J.  J.  See.  I  think  the  explanation  of  the  cause  of  the  second 
curve  superposed  upon  the  first  curve  is  very  probable.  In  the  case 
of  the  ocean  tides,  we  have  very  little  vertical  motion  and  a  horizontal 
motion  many  times  greater.  The  distortion  shown  in  the  figure  indi- 
cates that  the  horizontal  motion  is  very  large. 

W.  J.  Humphreys.  Some  work  has  been  done  by  Wilsing  at  the 
Potsdam  Observatory,  showing  a  great  change  from  change  of  pres- 
sure ;  but  he  applies  this  to  such  stars  as  Nova  Aurigae.  He  has  ob- 
tained results,  working  with  hydrogen,  showing  that  the  spectrum 
lines  in  hydrogen  are  very  sensitive  to  diminution  of  pressure.    This 
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applies  especially  to  the  deeper  lines.     He  has  obtained  perfectly 
sharp  lines  with  a  pressure  of  fourteen  atmospheres. 

Mr.  Jewell.  From  our  knowledge  of  the  solar  spectrum  it  is  per- 
fectly certain  that  the  lines  do  not  show  any  evidence  of  powerful 
pressure.    Under  such  pressure  the  lines  would  probably  be  broader. 

THE  INDIAN  ECLIPSE  PHOTOGRAPHS  OF  JANUARY  22, 
1898,  OBTAINED  BY  THE  LICK  OBSERVA- 
TORY EXPEDITION. 

BY  W.  W.   CAMPBELL. 

Photographs  of  the  corona  and  its  spectrum ;  and  of  the  spectrum 
of  the  sun's  edge,  were  thrown  on  the  screen.  Special  attention  was 
called  to  the  apparent  and  probable  connection  between  the  promi- 
nences and  the  curved  coronal  streamers  enclosing  them  and  to  the 
relative  displacement  of  the  bright  and  dark  lines  in  the  spectrum  of 
the  sun's  edge. 


GENERAL  DISCUSSION 

TOTAL  SOLAR  ECLIPSE  OF  MAY  28,  190x3. 

The  report  of  the  Eclipse  Committee  was  presented  by  Professor 
Newcomb.  Then  a  general  discussion  took  place  of  the  observa- 
tions of  the  total  solar  eclipse  of  May  28,  1900,  as  follows : 

W.  W.  Campbell.  Being  a  long  distance  from  our  base  in  Cali- 
fornia, it  was  impossible  to  take  our  plates  home  for  development, 
and  they  were  developed  in  camp,  where  it  was  impossible  to  do 
photographic  work  successfully.  I  have  brought  one  of  the  original 
negatives,  but  Mr.  Brown  should  have  the  privilege  of  presenting  it. 
It  was  taken  with  an  exposure  of  one  second,  with  a  forty-foot 
camera.  It  reveals  the  fact  that  the  coronal  tails  were  not  so  numer- 
ous as  those  in  1898,  while  those  were  not  so  numerous  as  in  1893. 
There  seems  at  first  to  be  no  connection  between  the  coronal  stream- 
ers and  the  prominences ;  and  yet,  if  you  will  go  over  it  carefully,  I 
think  you  will  see  there  is  some  connection  between  them.  Our 
spectroscopic  material  was  not  so  great  as  we  should  have  liked  to 
obtain ;  but  for  the  third  contact  we  obtained  ven,'  satisfactory  re- 
sults. It  was  a  question  whether  bright  lines  would,  be  shifted 
toward  the  red  end,  but  they  seem  to  show  no  evidence  of  such 
shifting. 
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S.  J.  Brown.  The  eclipse  observations  of  the  Naval  Observatory 
were  widely  distributed  and  covered  a  great  deal  of  ground.  Two 
main  stations  were  occupied,  one  in  North  Carolina  and  the  other  in 
Georgia.  Our  photographic  work  is  not  in  a  condition  to  exhibit. 
There  was  one  experimental  line  of  research  I  think  it  worth  while 
to  mention.  We  wished  to  try  experiments  with  color  screens ;  and 
with  one  lens  we  used  isochromatic  plates,  and  with  another  lens 
the  ordinary  photographic  plates,  to  see  whether  any  indications 
would  be  shown  as  to  a  difference  of  structure  of  the  corona  due  to 
the  green  line.  The  result  showed  no  difference  of  structure,  but 
there  seems  to  have  been  a  greater  expansion  of  the  polar  rays  when 
we  used  the  color  screens  than  when  we  used  the  ordinary  plates. 
Photographs  were  taken  to  obtain  as  great  an  extension  of  the  corona 
as  possible ;  but  the  sky  was  not  favorable,  and  we  did  not  obtain  so 
great  an  extension  as  was  shown  by  the  results  in  India.  The  spec- 
troscopic work  occupied  our  most  serious  attention.  We  had  some 
very  rare  gratings,  ruled  to  concentrate  the  light  tjf  the  first  order  at 
a  special  point.  Two  of  these  gratings,  from  the  Johns  Hopkins 
University,  were  utilized,  one  at  Pinehurst  and  one  at  Griffin,  besides 
another  grating  of  long  focal  length.  Our  preparations  for  this 
work  were  much  hurried,  but  we  had  gratings  of  which  the  curves 
were  carefully  computed  for  the  focal  length  of  the  quartz  lenses. 
At  Griffin  we  obtained  a  reversing  layer  of  eight  seconds.  Mr.  Jewell 
has  brought  som.e  copies  of  the  only  successful  plates  at  Pinehurst, 
showing  several  new  coronal  lines,  one  coinciding  with  the  1474  line, 
and  there  were  three  other  new  lines.  Dr.  Dorsey  of  the  Johns  Hop- 
kins University  also  took  photographs,  and  Dr.  Wood  of  the  Univer- 
sity of  Wisconsin  undertook  to  study  the  shadow  bands  which  pre- 
cede and  follow  the  eclipse.  He  is  not  here,  but  he  thinks  he  has 
reached  a  satisfactory  conclusion  with  regard  to  the  cause  of  the 
shadow  bands.  While  our  results  in  spectroscopic  work  were  dis- 
appointing, in  view  of  the  large  outlay,  they  seem  to  vindicate  the 
value  of  that  method.  We  think  we  shall  be  able  to  obtain  a  plate 
which  will  bend  to  the  required  curvature,  and  thus  be  able  to  pho- 
tograph the  reversing  layer. 

L.  E.  Jewell.  We  obtained  a  different  wave  length  for  the  bright 
and  for  the  corresponding  dark  lines ;  and  I  think  that  dift'erence  in 
wave  length  is  caused  by  the  fact  that  the  dark  lines  were  produced 
very  close  to  the  moon's  edge,  by  the  remaining  portion  of  the  cres- 
cent, not  covered  by  the  moon,  while  the  bright  lines  were  produced 
further  out.  On  one  of  the  photographs  taken  at  Pinehurst  there  is 
a  very  distinct  difference  of  the  H  and  K  lines,  between  the  bright 
and  dark  portions  of  the  spectrum.    The  bright  line  is  displaced  with 
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reference  to  the  dark  line  in  the  direction  outside,  or  further  away, 
from  the  sun  itself,  just  as  it  should  be  if  that  were  the  true  explana- 
tion.   In  determining  the  method  we  should  follow  in  the  use  of  these 
plates  we  were  largely  influenced  by  the  results  of  Evershed  in  India 
in   i8g8,  showing  that  the  chromosphere  and  reversing  layer  were 
much  brighter  in  the  upper  part,   showing  other   interesting  phe- 
nomena.    Another  interesting  thing  was  the  presence  of  the  rare 
element  scandium.     It  was  thought  best  to  use  his  grating  for  the 
purpose  of  our  work,  and  I  made  comparisons  showing  that  he  used 
a  dispersion  about  three  times  that  of  a  single  prism;  and  we  con- 
cluded that  we  could  obtain  at  least  as  much  light  from  our  grating 
as  from  a  prism.    Our  results  at  Pinehurst  were  thought  of  extreme 
importance.     With  an  exposure  of  only  one  second  we  obtained  re- 
sults showing  that  if  we  had  been  able  to  bend  the  plate  to  the  re- 
quired focal  curvature  it  would  have  given  us  a  spectrum  from  wave 
length  3000  to  6000,  giving  us  1300  lines  ;  the  efifect  being  very  sharp 
lines  in  the  neighborhood  of  the  H  and  K  calcium  lines,  and  pictures 
of  the  chromosphere  proper  and  the  reversing  layer  showing  fifty  to 
seventy-five  prominences.     The  difference  between  the  calcium  and 
the  hydrogen  lines  was  shown  very  prominently  indeed.     A  plate 
out  of  focus  showed  the  yellow  sodium  line,  and  the  coronal  line  at 
1474  which  were  seen  much  stronger  on  the  opposite  side  of  the  sun 
from  that  where  the  ordinary  bright  lines  are  seen.    This  green  line 
was  much  brighter  than  on  the  western  side  of  the  sun.    There  is  no 
line  which  seems  to  be  evenly  distributed  on  the  two  sides  of  the  sun. 
The  green  line  seems  to  be  gathered  into  a  very  short  arc  on  the 
western  limb.     On  another  plate  taken  twenty-five  seconds  later,  the 
exposure  was  five  or  six  seconds,  and  on  that  these  coronal  lines  are 
shown  all  the  way  round.    There  are  four  lines  not  obtained  before, 
the  substance  producing  them  seeming  to  be  about  the  same  as  that 
giving  the  green  lines.     They  show  the  strongest  at  some  distance 
from  the  sun's  surface,  say  three  to  five  thousand  miles  above  the 
solar  surface,  although  they  are  visible  close  to  the  solar  surface. 
Another  interesting  thing  was  the  beautiful  way  in  which  the  carbon 
band  showed  with  an  exposure  of  one  second.    It  was  very  strong  a 
hundred  miles  from  the  solar  surface.    One  word  with  reference  to 
future  work :  I  think  it  is  very  desirable  to  use  a  concave  grating  in 
the  ordinary  way,  but  instead  of  using  a  dense  lens  of  quartz,  to  use 
a  very  large  concave  reflector  of  a  focal  length  of  100  to  150  inches, 
which  would  give  an  image  of  the  sun  an  inch  and  a  half  in  diameter ; 
and  then  we  could  use  a  wide  open  slit  so  as  to  be  certain  to  get  the 
limb  of  the  sun  inside  of  it.    At  Pinehurst  we  had  to  cut  down  the 
slit  in  consequence  of  the  curvature,  and  had  an  image  of  the  sun 
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only  a  third  of  an  inch  in  diameter  to  work  with.  In  future  work 
much  the  best  plan  will  be  to  use  two  concave  mirrors,  one  of  a  short 
focus  for  the  dense  lines,  and  the  other  of  a  considerable  focal  length, 
the  slit  being  placed  between  them.  In  this  way  we  can  let  the  light 
come  through  the  narrow  slit,  and  then  the  larger  and  long  focus 
mirror  will  act  as  a  condenser,  and  there  will  be  no  disturbance 
whatever  in  the  focus.  A  telescope  of  high  power  should  be  used, 
and  focused  very  carefully ;  and  the  light  reflected  from  the  second 
mirror  would  give  us  parallel  light ;  and  if  the  adjustments  were  well 
made  the  image  would  be  very  sharp.  By  that  method  we  ought  to 
be  able  to  obtain  very  satisfactory  results. 

Winslow  Upton.  I  will  report  briefly  the  work  we  did  near  Nor- 
folk by  very  ordinary  astronomical  and  photographic  processes.  We 
had  a  four-inch  telescope  for  visual  work ;  and  we  had  an  equatorial 
stand  upon  which  a  camera  was  carried  by  clockwork.  The  camera 
contained  two  very  long  focus  lenses.  We  also  had  four  ordinary 
cameras,  which  we  used  for  the  purpose  of  obtaining  the  extension 
of  the  corona.  We  found  that  the  duration  of  the  eclipse  was  shorter 
than  calculated.  By  the  English  and  the  American  Ephemeris  it  was 
loi  seconds,  while  we  made  it  99  seconds.  In  the  visual  observations 
we  used  a  magnifying  power  of  fifty  or  sixty.  At  the  time  I  did  not 
notice  the  hooded  arrangement  of  the  corona,  this  gigantic  hood 
overlapping  the  strata,  shown  in  the  photographs  of  the  eclipse  of 
1878.  In  our  observations  to  determine  the  place  of  the  moon,  and  in 
the  search  for  an  intra-Mercurial  planet,  we  carried  out  the  instruc- 
tions of  Professor  Pickering,  which  were  to  e.xpose  for  sixty  seconds. 
Our  cameras  covered  a  range  about  25°  along  the  sun's  equator,  and 
with  eight  or  ten  gigantic  plates  we  covered  that  region ;  but  we  got 
nothing  except  one  or  two  bright  objects,  possibly  only  the  planet 
Mercury,  and  there  seemed  to  be  star  trails  instead  of  images,  per- 
haps from  a  fourth  magnitude  star.  I  think  the  exposure  might  have 
been  longer ;  for  I  feel  confident  that  we  could  have  exposed  eighty 
or  ninety  seconds  without  fogging  the  plate.  For  the  spectroscopic 
work  we  used  triple-coated  plates,  especially  made  for  us  by  the  Seed 
Co.,  and  also  orthochromatic  plates.  With  regard  to  the  development 
of  the  plates  we  decided  to  vary  from  the  instructions  of  the  commit- 
tee. The  instructions  were  that  we  should  use  an  exceedingly  weak 
developer  and  develop  a  long  time.  Professor  Pickering  on  the  other 
hand  recommended  a  strong  developer,  and  a  great  deal  of  bromide. 
As  we  had  duplicate  plates  we  decided  to  try  both  plans,  and  I  think 
on  the  whole  that  we  obtained  better  lines  with  the  strong  developer 
and  the  bromide  restainer.  I  have  here  some  lantern  slides  which  I 
will  show. 
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Ormond  Stone.     The  University  of  Virginia  took  part  in  the  ec- 
lipse observations  at  Waynesborough,  N.  C.    We  used  a  forty-foot 
camera.    I  desire  here  to  express  my  gratitude  to  Professor  Camp- 
bell for  the  advice  he  gave  us  at  the  beginning,  and  for  his  kindness 
in  assisting  in  the  preparations,  and  also  in  developing  our  plates 
for  us.    Our  preparations  were  begun  very  early  and  we  went  to  the 
camp  about  a  month  before  the  eclipse  took  place.    At  the  time  of 
the  eclipse  the  sky  was  perfectly  clear,  and  we  took  a  very  good  series 
of  pictures,  showing  a  vast  amount  of  detail  clear  down  to  the  sun. 
We  have  learned  much  of  what  ought  to  be  done  in  the  future.    Ec- 
lipse problems  are  constantly  changing  and  new  methods  are  used. 
In  the  adjustment  of  the  frame  in  position,  I  think  it  ought  to  be  done 
by  actual  observation  of  the  stars,  rather  than  by  experiment.     We 
happened  to  get  our  carriage  some  inches  out  of  place,  but  by  our  ob- 
servations we  brought  it  within  one-sixteenth  of  an  inch  of  its  true 
place.     We  may  study  the  photographs  as  to  the  forms  of  the  fila- 
ments, and  the  relations  of  the  chromosphere  to  the  protuberances ; 
but  that  ought  to  be  supplemented  by  visual  observations  with  the  tele- 
scope.    A  six-inch  telescope  with  a  magnifying  power  of  fifty  will 
show  us  ten  times  as  much  as  can  be  seen  in  the  best  photographs. 
But  the  observer  sees  it  and  nobody  else,  so  that  we  still  need  the 
photographs.    The  plates  were  exposed  by  Mr.  Mayo,  who  had  him- 
self constructed  the  apparatus.     Mr.  Morgan  had  a  four-inch  equa- 
torial, and  I  used  a  six-inch  equatorial  and  observed  visually.    It  was 
our  purpose  to  examine  each  of  the   prominences  in  succession  to  see 
if  we  could  perceive  any  distortion.    We  could  see  no  relation  to  the 
protuberances,  and  our  visual  observations  simply  confirmed  what 
was  shown  in  the  photographs.    At  the  eclipse  of  1878  the  filaments 
were  well  seen,  and  each  one  stood  out  distinctly.     At  this  eclipse 
there  was  not  that  sharpness,  and  there  seemed  to  be  a  strong  back- 
ground something  else  to  the  equatorial  filaments.     In  1878  at  the 
poles  the  rays  were  very  much  as  in  this  eclipse.     In  the  equatorial 
region  there  was  a  perfect  network  of  filaments.     They  started  out 
and  moved  right  back  with  an  incurvature  in  the  opposite  direction, 
so  that  there  were  a  number  of  filaments  side  by  side.    They  are  cer- 
.  tainly  not  hyperbolic  curves,  but  we  do  not  know  what  they  are.    One 
suggestion  is  that  they  are  meteoric  or  comet  streams.     Our  expo- 
sures   were  mostly  short ;  we  had  nothing  exceeding  twelve  seconds. 
It  would  seem  well  to  have  some  longer  exposures.    I  am  glad  the 
Naval  Observatory  has  secured  a  plate  with  a  longer  exposure,  on 
which  we  can  see  longer  filaments  and  learn  more  of  the  nature  of 
the  curve.     By  tracing  the  curve  back  to  the  sun's  surface  we  may 
be  able  to  get  some  idea  of  its  form.    We  had  a  number  of  small 
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cameras  mounted  on  a  polar  axis  and  managed  by  Mr.  Lyon,  and 
with  these  we  used  a  color  screen  such  that  the  green  line  was  not 
seen,  but  on  an  open  space.  I  think  in  another  eclipse  we  ought  to 
get  more  color  screen  pictures  with  our  large  cameras. 

Mr.  C.  G.  Abott  presented  a  report  of  observations  at  Waynes- 
borough. 

Mr.  Dorsey  explained  the  mode  of  determining  the  polarization  of 
the  bright  coronal  lines. 

The  Secretary  read  the  following  reports  from  Edwin  A.  Frost  and 
E.  E.  Barnard  upon  their  observations  of  the  eclipse  made  at  Wades- 
boro,  N.  C. 

E.  B.  Frost.  Four  spectroscopes  were  employed :  I.  A  small  plane 
grating  in  front  of  a  lens  of  two  inches  aperture  and  twenty  inches 
focus,  for  visual  use  in  determining  proper  instant  for  exposure  for 
obtaining  the  "flash  spectrum.'' 

2.  Train  of  three  large  flint  prisms,  at  minimum  deviation  for  \ 
4230,  in  front  of  photographic  lens  of  33^  inches  aperture  and  42 
inches  focus ;  for  photographing  flashes  and  cusps  and  coronal 
spectra. 

3.  Small  concave  grating  used  directly,  without  slit ;  focus  30-inch 
for  photographing  flash  spectra. 

4.  Large  plane  grating  of  20,000  lines  to  inch,  in  front  of  visual 
lens  of  3Vj  inches  aperature,  42  inches  focus,  with  red  screen,  for 
photographing  red  end  of  spectrum  of  cusps,  flash  and  corona.  All 
placed  in  horizontal  beam  thirteen  inches  in  diameter  reflected  from 
coelostat.  Time  called  by  Professor  A.  S.  Flint ;  exposure  of  two  and 
three  operated  by  Dr.  G.  S.  Isham  of  Chicago ;  signal  for  exposure 
given  by  visual  observation  of  flash  with  one  by  E.  B.  Frost,  who 
operated  four. 

Results :  i.  The  flash  sectrum  was  visually  observed  in  the  yellow 
near  D3  at  second  and  third  contacts.  The  number  of  lines  seen, 
however,  was  not  as  large  as  might  have  been  expected ;  some  twelve 
or  fifteen  were  seen  in  the  small  field  employed.  These  were  broken 
by  the  promininences,  and  were  doubtless  chiefly  lines  of  the  usual 
chromospheric  spectrum.  No  attempts  at  measurements  were  made, 
as  the  object  of  the  visual  observations  was  to  find  the  instant  for 
making  the  exposures  for  flash  spectra.  The  dark  lines  of  the  cusp 
spectrum  were  sharp  and  distinct  forty-five  seconds  before  the  com- 
puted time  of  totality.  A  glance  into  the  eyepiece  at  the  middle  of 
totality  showed  no  coronal  rings  in  the  field,  which  did  not  include 
the  region  from  the  coronal  line  1474  (A  5317)  to  K  (A3934). 

2.     Objective  train  of  three  large  prisms  (mean  path  of  the  rays 
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in  the  glass  was  eight  inches).    Five  exposures  were  made,  on  two 
plates,  all  of  which  were  successful. 

{a)  The  two  spectra  of  the  cusps,  taken  before  and  after  totality, 
show  many  bright  (chromospheric)  lines  in  addition  to  the  dark 
lines.  The  region  covered  by  the  plate  was  necessarily  limited,  by 
the  construction  of  the  plate  holder,  and  includes  only  from  A  4380  to 
A  4025.  Fifty  bright  lines  were  measured  on  the  second  cusp  spec- 
trum. 

(b)  The  first  flash  spectrum  shows  no  continuous  spectrum,  but 
will  furnish  the  wave-length  of  many  bright  lines.  Something  over 
one  hundred  lines  appear  to  be  measurable  within  the  above  limits. 

The  second  flash  spectrum  was  overlaid  by  a  band  of  solar  spec- 
trum, the  third  contact  occurring  some  seven  seconds  earlier  than  was 
expected  and  indicated  by  the  count.  This  plate,  however,  shows  a 
large  number  of  bright  lines,  two  hundred  and  seventy-five  having 
been  measured  on  it  by  the  writer  between  A  4380  and  A  4027. 
Young's  list  of  chromospheric  lines  contains  twenty-seven  in  that 
region. 

(c)  The  coronal  exposure  was  thirty  seconds,  but  could  have  been 
longer  to  advantage.  The  rings  of  Hy  and  Ht  (chromospheric)  are 
strongly  impressed,  showing  the  prominences,  and  next  in  intensity 
is  the  strong  chromospheric  ring  of  wave-length  A  4078.  Four  other 
rings  are  seen  in  whole  or  in  part,  the  coronal  ring  at  A  4231  being 
next  in  intensity,  although  faint.  It  shows  none  of  the  broken  ap- 
pearance which  characterizes  the  chrorhospheric  rings.  Another  ring 
of  longer  wave-length  than  Hy  may  also  prove  to  be  coronal.  The 
continuous  spectrum  of  the  corona  is  quite  strong.  This  plate  has 
not  yet  been  accurately  measured. 

3.  The  small  concave  grating,  without  slit,  was  used  for  first  and 
second  flash. 

On  the  first  some  seventy  lines  (bright)  are  shown  between  Hp 
and  Hh :  on  the  second  about  one  hundred  and  ten  in  that  region,  with 
about  fifty  others  less  sharply  in  focus,  chiefly  on  the  violet  side  of  f/S. 

4.  With  the  limited  time  for  exposure,  the  sensitiveness  of  the 
plates,  of  the  'Erythro'  brand  was  insufficient  to  record  the  flash 
spectra.  The  plate  exposed  for  sixty  seconds  to  the  corona  shows 
no  impression,  as  was  indeed  expected.  The  spectrum  of  the  cusp 
ten  seconds  after  totality  shows  some  dark  lines  and  a  few  bright 
lines,  and  the  second  flash  spectrum  is  seen  in  traces. 

E.  E.  Barnard.  The  following  preliminary  statement  concerns  the 
photographs  of  the  corona  obtained  by  the  Yerkes  Observatory  ex- 
pedition to  observe  the  total  eclipse  of  the  sun  at  Wadesboro,  North 
Carolina,  May  28,  1900. 
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The  weather  conditions  were  as  near  perfect  as  possible. 

The  most  important  instrument  was  a  613^-foot  horizontal  coelo- 
stat  with  an  excellent  six-inch  photographic  objective  made  specially 
for  the  purpose  by  Brashear.  The  light  was  thrown  into  the  tele- 
scope by  a  very  perfect  plane  silvered  mirror  made  by  Mr.  Ritchey 
for  the  instrument.  The  equatorial  mounting  that  carried  this  mirror 
was  also  made  under  Mr.  Ritchey's  direction  though  not  for  this 
special  purpose.  It  was,  however,  adapted  by  him  for  a  forty-eight- 
hour  revolution.  This  instrument  was  driven  by  the  clock  from 
Professor  Hale's  twelve-inch  equatorial.  The  mounting  also  carried 
a  fifteen-inch  mirror  for  Professor  Frost's  spectroscopic  work. 

A  long  horizontal  tube  connected  the  six-inch  objective  with  the 
photographic  house.  This  tube  consisted  of  a  wooden  frame  work 
covered  with  red  water  proof  paper  and  was  whitewashed  on  the 
upper  part.  A  white  cloth  covering  was  also  placed  over  it  with  a 
few  inches  of  air  space  between  the  cloth  and  the  tube.  Frequent 
diaphragms  were  put  along  the  inside  of  the  tube  to  prevent  stray 
light  or  reflections. 

The  photographic  house  in  which  the  plates  were  to  be  exposed, 
was  about  thirty  feet  by  six  feet ;  it  was  of  wood  made  thoroughly 
light  proof  by  heavy  red  paper. 

The  plates  were  placed  in  a  carrier  fifteen  feet  long,  which  ran  on 
ball  bearings  in  a  light-tight  sheath- — the  exposures  being  made 
through  an  aperture  in  the  sheath  where  the  image  fell. 

With  this  carrier,  by  rapidly  shoving  it  along,  one  plate  after 
another  could  be  substituted  for  exposure  with  the  minimum  loss 
of  time,  about  four  seconds  for  a  change.  With  it  seven  plates  were 
exposed.  Three  of  these  were  14x17  inches,  and  the  other  four 
25x30  inches.     The  following  exposures  were  given  these  plates. 


No. 

Exposure. 

Size  of  plate. 

Kind  of  plate. 

I 

V2' 

14  X  17 

Ci 

ramer   double-coated. 

2 

2 

14  X  17 

Cramer    Crown. 

3 

8 

25  X  30 

u                        n 

4 

30 

25  X  30 

It                           u 

5 

14 

25  X  30 

It                     tt 

6 

4 

25  X  30 

II                     II 

7 

I 

14  X  17 

C: 

ramer  double-coated. 

A  stop,  regulated  by  hand,  fixed  the  position  of  the  carrier  at  each 
exposure,  so  that  the  image  should  always  fall  central  on  the  plate. 
The  plates  were  all  set  parallel  to  the  celestial  equator. 

The  exposures  were  made  by  a  wooden  exposing  shutter,  with  a 
round  aperture  on  one  end  of  it.    This  shutter  was  controlled  by  two 
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cords,  one  from  each  end,  running  into  the  photographic  house. 
These  cords  heing  held  taut,  one  in  each  hand,  the  exposures  were 
made  with  absokite  certainty  and  rapidity,  by  a  quick  pull  with  one 
or  the  other  hand. 

In  the  actual  work,  the  carrier  containing  the  plates  was  moved 
forwards  by  Mr.  Ritchey  after  each  exposure.  At  his  signal  'ready' 
the  proper  exposure  was  given  by  me,  the  time  being  counted  from 
a  sounder  beating  seconds. 

The  seven  plates  were  exposed  without  a  hitch,  the  program  being 
successfully  carried  out. 

The  signal  for  the  beginning  of  totality  was  given  by  Mr.  Putnam 
of  the  U.  S.  Coast  and  Geodetic  Survey,  who  observed  the  contacts 
with  a  telescope  at  the  Smithsonian  Station,  a  hundred  feet  or  so 
distant. 

The  exposures  were  begim  immediately  upon  the  signal  for 
totality.  A  signal  was  also  to  be  given  ten  seconds  before  the  close 
of  totality.  This  last  signal  was  heard  while  preparing  for  the  last 
exposure,  and  certainly  within  three  or  four  seconds  of  this  the  ex- 
posure was  made ;  the  sun  was  then  just  appearing  as  a  small  speck 
of  light — the  end  of  totality  having  apparently  come  sooner  than 
was  expected. 

At  each  exposure  the  image  was  seen  on  the  plate  and  I  was  at 
once  impressed  with  the  striking  likeness  it  bore  to  the  corona  of 
January  i,  1889.  Though  the  moon  appeared  very  black  on  the 
plates,  the  corona  itself  was  disappointingly  feeble.  In  the  casual 
inspection,  during  exposure,  the  prominences  were  not  noticed  and 
but  little  detail  was  visible. 

On  the  night  before  the  eclipse  each  plate  had  been  carefully 
backed  with  a  non-halation  solution  consisting  of  caramel  and  burnt 
sienna.  The  plates  were  at  once  placed  in  the  carrier  ready  for  ex- 
posure. 

In  preparing  for  the  eclipse  the  question  of  sensitiveness  of  the 
plates  to  be  used  was  carefully  discussed  with  Professor  Hale  and 
we  finally  decided  to  use  the  most  sensitive  plates.  The  result  justi- 
fies our  decision  and  shows  that  with  a  long  focus  instrument  like 
this  (1/123)  the  plates  cannot  be  too  sensitive. 

Two  of  the  plates  were  Cramer  double-coated  and  were  supposed 
not  to  be  so  sensitive  as  the  Cramer  Crown.  Plate  No.  i  (double- 
coated)  was  purposely  left  unbacked.  No.  7  was  also  double-coated 
and  backed. 

Up  to  this  writing,  plates  No.  2,  5,  6  and  7  have  been  developed. 
They  are  remarkably  sharp  and  perfectly  defined,  and  show  the 
prominences  and  inner  corona  very  beautifully.    The  polar  fans  come 
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out  magnificently.     Tliere  is  a  great  deal  of  beautiful  detail  in  the 
inner  corona  that  promises  richly  to  repay  careful  study. 

Great  care  is  being  exercised  in  the  development  of  the  plates  to 
insure  not  only  detail  near  the  sun  but  to  get  also  as  great  extension 
as  possible. 

Other  instruments  used  were  a  six-inch  and  a  three  and  one-half- 
inch  portrait  lens,  mounted  on  the  equatorial  mounting  formerly 
owned  by  Mr.  Burnham  and  kindly  loaned  by  Professor  Comstock. 

A  four  and  one-half-inch  Brashear  portrait  lens,  and  a  very  short 
focus  (1:1.9)  Voigtlander  lens  of  four  inches  aperture,  were  strap- 
ped to  a  fixed  post  and  were  used  for  quick  exposures  on  the  corona. 
Three  Sonader  lenses,  kindly  loaned  by  Mr.  Ellerman,  were  placed 
on  a  small  heliostat  mounting  and  were  given  an  exposure  extending 
nearly  through  totality,  with  three  different  kinds  of  plates. 

The  plates  with  the  small  instrument  have,  in  part,  been  developed. 
The  results  show  an  extension  of  the  corona  between  three  and  four 
diameters  of  the  moon.  The  corona,  as  shown  on  these  plates,  is 
singularly  like  that  of  January  i,  1889.  There  is  a  broad  fish-tailed 
extension  spreading  out  to  the  west  more  than  half  way  to  the  planet 
Mercury,  which  shows  on  all  the  plates.  A  long,  thick  set,  more  or 
less  pointed  mass,  extends  to  the  east  for  several  diameters  of  the 
moon.  The  poles  are  surmounted  with  fan-like  systems  of  rays — 
the  whole  entirely  characteristic  of  the  sunspot  minimum  corona. 

The  results  with  the  coelostat  show  that  it  is  by  far  the  simplest  and 
best  instrument  for  securing  photographs  of  the  corona  on  a  large 
scale.  The  results  also  show  that  the  images  could  be  made  very 
much  longer  with  much  gain.  An  instrument  of  this  kind  for  photo- 
graphing the  corona  could  safely  be  made  several  hundred  feet  in 
length  with  a  corresponding  increase  of  aperture. 

G.  A.  Hill.  A  few  remarks  with  regard  to  the  observations  es- 
pecially made  to  determine  the  position  of  the  moon.  In  several  of 
the  reports  the  idea  is  presented  that  the  time  predicted  from  the 
ephemeris  was  not  accurate.  This  I  think  was  caused  by  the  posi- 
tion of  the  observer  and  his  station  not  being  exactly  known.  At 
Lawrenceville  we  had  a  transit  telescope,  and  we  computed  the  times 
of  contact.  The  times  of  the  second  and  third  contact  agreed  within 
0.5  second  with  the  ephemeris,  and  the  times  of  the  first  and  last  con- 
tact came  within  1.9  second.  The  duration  of  the  totality  was  ex- 
actly given  from  the  ephemeris.  At  Barnesville  we  had  a  clock  givincr 
seconds,  with  the  sixtieth  second  left  out,  and  the  gentleman  who 
took  the  time  there  lost  his  count,  omitting  that  second,  so  that  we 
were  a  second  late  in  our  time.  But  this  was  not  the  fault  of  the 
ephemeris  ,  but  of  the  man  who  counted  on  the  clock.     I  was  much 
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gratified  witli  the  condition  of  the  sun  on  the  morning  of  the  eclipse. 
The  sun  was  unusually  steady,  and  we  succeeded  in  obtaining  con- 
tacts that  were  quite  satisfactory. 

M.  B.  Snyder.  I  would  like  to  call  attention  to  the  prominence  on 
the  southwest  corner  of  one  of  the  plates.  I  observed  it  visually,  and 
was  puzzled  by  the  peculiar  extension  of  that  prominence.  There 
was  a  decided  change  in  its  character.  At  the  top  there  was  a 
gradual  fading  of  the  prominence  and  the  corona ;  and  this  is  brought 
out  by  the  photographs  shown. 

Ormond  Stone.  In  the  observation  of  contacts  it  seems  to  me 
there  is  a  different  way  from  the  usual  way,  and  which  is  preferable 
to  it.  The  method  used  by  myself  in  the  eclipse  of  1878  was  used 
by  Mr.  Morgan  at  the  present  eclipse,  at  my  station.  I  am  not 
aware  that  it  has  been  used  elsewhere.  It  gets  rid  of  the  difficulty 
which  arises  from  the  fact  that,  especially  at  the  first  contact,  we 
recognize  the  contact  by  an  indentation.  In  other  words,  we  do  not 
observe  the  first  contact  at  all,  but  we  recognize  as  the  first  contact 
a  time  which  is  not  the  first  contact.  The  method  which  we  used  was 
this:  A  divided  scale  was  placed  in  the  field  of  the  telescope,  with 
twenty  divisions  on  each  side,  with  every  fifth  division  a  little  longer. 
This  was  placed  at  the  proper  angle  to  correspond  with  the  diurnal 
motion,  and  carefully  focused.  When  the  indentation  in  the  sun's 
edge  had  the  length  of  one  division  a  record  was  made ;  when  it  had 
reached  the  length  of  two  divisions  another  record  was  made  and  so 
on  through.  By  examining  the  report  of  the  eclipse  of  1878  you  will 
see  how  closely  the  different  results  agreed.  The  observations  of 
the  present  eclipse  have  not  been  reduced,  but  it  seems  to  me  that 
some  such  method  as  I  have  described  is  far  preferable  to  the  method 
of  noting  the  time  when  the  indentation  is  large  enough  to  be  fairly 
visible. 

Edgar  Frisby.  The  observation  of  the  first  contact  involves  the 
knowledge  of  about  the  position  where  the  contact  will  occur.  Of 
course  it  is  always  a  little  late,  but  when  the  observer  knows  the  po- 
sition and  is  looking  very  closely,  the  error  must  be  very  small.  We 
should  expect  the  last  contact  to  be  very  close;  but  I  have  found, 
from  the  experience  of  three  of  four  observers,  that  the  agreement 
was  not  so  close  as  in  the  first  contact.  It  seems  after  all  to  be  more 
difficult  to  note  the  exact  time  of  the  last  contact  than  of  the  first. 

A  Member.  With  reference  to  the  remarks  of  Professor  Upton, 
I  may  say  that  I  had  charge  of  the  camera,  attached  to  which  was  a 
visual  telescope  so  that  we  should  be  able  to  know  just  when  to  get 
the  flashes.  The  time  of  the  first  flash  was  successful,  and  I  made 
the  exposure  and  got  a  number  of  bright  lines.     The  second  expo- 
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sure  was  made  after  about  ten  seconds,  during  the  totality,  and  it 
partially  showed  the  bright  lines.  The  chromospheric  rings  were 
not  well  shown  because  we  had  no  driving  clock.  The  attempt  to 
get  the  flash  at  the  last  contact  was  not  successful  in  consequence  of 
the  shortening  of  the  time  of  exposure.  After  this  I  made  an  ex- 
posure of  ten  seconds  every  minute,  and  several  plates  showed  a  con- 
tinuous spectrum.  One  minute  after  the  third  contact  the  lines  were 
beautifully  shown.  The  cause  of  the  apparent  continuous  spectrum 
was  perhaps  the  fact  that  the  background  was  not  sufficiently  bright 
to  show  dark  lines.  Possibly  they  were  all  there  but  not  thoroughly 
brought  out. 

M.  B.  Snyder.  You  will  remember  that  a  year  ago  I  called  atten- 
tion to  the  use  of  the  phonograph  as  a  means  of  recording  the  time. 
During  this  eclipse  I  have  actually  tried  the  phonograph,  with  results 
quite  satisfactory.  We  concluded  that  we  might  observe  the  shadow 
bands,  and  erecting  a  screen  directly  opposite  to  the  sun  we  observed 
these  bands  and  recorded  the  results  by  the  phonograph.  In  this  I 
was  assisted  by  Mr.  Thompson. 

Mr.  Thompson.  At  Mr.  Snyder's  request  I  will  say  that  having 
gone  to  observe  the  eclipse,  I  undertook  in  co-operation  with  him 
to  watch  for  the  shadow  bands.  I  stood  about  twenty  feet  away, 
and  about  three  minutes  before  the  sun  disappeared  I  noticed  very 
faint  streaks.  I  did  not  communicate  this  to  Mr.  Snyder  until  they 
became  unmistakable.  At  that  time  they  were  moving,  so  far  as 
could  be  determined,  at  about  the  rate  of  a  man  running,  say,  twenty 
or  thirty  feet  per  second  or  perhaps  faster  than  that.  The  points 
were  curved,  and  they  appeared  to  be  broken  into  little  curves  four 
or  five  inches  apart.  I  should  think  the  dark  places  increased  in  width 
as  totality  approached  until  the  darkness  seemed  to  cover  the  entire 
space,  and  a  few  seconds  before  the  totality  everything  had  gone 
into  confusion,  and  there  was  no  definite  progress  after  that.  Just 
after  the  totality  I  noticed  that  the  same  direction  as  before  was  main- 
tained, but  that  there  was  another  system  of  bands  moving  in  the 
opposite  direction.  Thus  there  were  two  sets  of  bands  moving  in 
opposite  directions,  for  a  very  short  time,  of  which  Mr.  Snyder  has 
the  record  in  the  phonograph.  Those  that  moved  in.  the  original  di- 
rection persisted,  fading  out  gradually  in  about  the  same  time  they 
took  to  come  on  before  totality.  I  think  it  very  likely  that  the  con- 
fusion which  I  noticed  just  before  totality  was  due  to  the  action  of 
the  two  systems  of  bands. 

Brown  Ayres.  As  I  have  never  figured  in  the  scientific  world  as 
an  astronomer,  it  may  have  been  presumptuous  for  me  to  undertake 
to  do  so  much  as  I  did  in  the  observation  of  the  eclipse.    But  I  rea- 
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lized  that  my  position  at  New  Orleans  was  near  the  center  of  the 
totality,  and  there  were  parties  who  came  to  our  place  to  observe  the 
ecHpse,  but  who  located  on  other  grounds.  The  location  seemed  to 
be  poor,  and  one  or  two  who  thought  of  coming  gave  it  up.  But  I 
thought  as  we  were  the  only  institution  of  any  magnitude  on  the  line 
of  the  eclipse  it  would  be  absurd  if  we  should  allow  it  to  pass  without 
any  observation  whatever.  When  we  received  the  little  ephemeris 
sent  out  by  the  United  States  Naval  Observatory,  we  laid  our  plans 
as  to  what  we  could  do  with  the  appliances  at  hand.  The  result  was 
that  I  tried  to  observe  the  shadow  bands,  and  to  get  the  contacts  as 
well  as  possible.  That  was  my  program  until  about  ten  days  before 
the  time  of  the  eclipse ;  when  Chancellor  FuUerton  of  the  University 
of  Mississippi,  wrote  and  offered  to  loan  me  a  fine  telescope  of  fif- 
teen visual  and  nine-inch  photographic  aperature,  made  by  Grubb. 
I  received  it  gladly,  and  mounting  it  prepared  to  take  some  photo- 
graphs with  as  much  accuracy  as  I  could.  But  the  main  point  I  had 
in  view  was  to  get  the  times  of  contact.  There  were  different  points 
in  the  city  carefully  determined  and  marked  by  the  Coast  Survey,  so 
that  I  was  able  to  get  my  position  accurately,  and  I  could  get  Wash- 
ington time  by  signals  in  my  observatory.  I  was  able  to  make  a  very 
large  number  of  comparisons  to  obtain  the  local  time.  The  plan  I 
adopted  was  a  combination  of  visual  and  photographic  work.  We 
took  the  pictures  as  rapidly  as  we  could  feed  the  plates  into  the  tele- 
scope, the  position  being  carefully  adjusted  by  star-trails,  and  we 
had  a  snap  shutter  automatically  recording  the  time  at  which  each 
picture  was  taken.  This  gave  us  a  large  number  of  photographs  of 
which  the  time  was  accurately  determined.  We  were  so  fortunate 
as  to  get  a  plate  showing  the  Bailly  beads,  and  the  next  plate  was 
blank ;  so  that  we  have  secured  a  very  accurate  observation  of  the 
time  of  the  second  contact.  At  the  time  of  the  third  contact  I  was 
peculiarly  fortunate ;  for  just  as  the  plate  was  exposed  by  the  snap 
shot,  there  was  a  sudden  flash,  and  I  think  I  have  the  time  of  that 
contact  photographed  pretty  closely.  In  addition  to  my  work.  Pro- 
fessor Fullerton,  who  was  within  a  few  feet  of  my  observatory, 
made  visual  observations ;  and  I  think  we  can  work  up  some  success- 
ful results.  Instead  of  the  collection  of  astronomers  they  had  at 
Waynesborough,  we  enjoyed  isolation,  and  the  eclipse  was  an  old 
story  with  us  before  they  could  do  anything  in  Georgia  or  North 
Carolina.  There  was  one  little  thing  I  should  like  to  note,  to  which 
my  attention  was  called  by  Mr.  Brashear.  It  is  that  one  large  promi- 
nence which  on  my  plates  is  distinctly  turned  over,  half  an  hour  later 
in  Georgia  was  standing  straight  up.  This  shows  the  change  which 
had  taken  place  after  my  observations  at  New  Orleans.     We  had 
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beautiful  weather  until  the  eclipse  was  over,  when  it  immediately 
clouded  up.  We  took  over  fifty  photographs ;  and  although  we  had 
no  astronomers  with  us,  unless  we  count  Professor  Fullerton  as  one, 
I  think  we  did  our  best. 

Winslow  Upton  presented  a  report  of  shadow  bands  observed  by 
John  Ritchie  Jr.  of  Boston,  and  also  those  observed  by  Edwin  F. 
Sawyer. 

W.  J.  Humphreys.  Mr.  Ay  res  states  that  just  as  the  exposure 
closed,  at  the  second  contact,  he  looked  up  and  saw  the  last  of  the 
sunlight  go ;  that  the  totality  had  not  quite  begun  when  this  exposure 
was  made.  The  plates  shows  not  only  no  dark  line  spectrum  at  all, 
but  there  were  bright  lines.  This  seems  to  show  a  very  remarkable 
phenomenon.  At  the  second  and  third  contacts  there  was  a  slight 
depth  of  solar  photosphere  and  a  great  deal  of  halation ;  but  im- 
mediately after  the  third  contact  there  is  no  halation  whatever,  and 
the  lines  are  extremely  bright,  showing  the  crescent  due  to  the  plate 
and  the  chromosphere.  I  noticed  something  that  seemed  to  be  of  the 
same  character.  It  was  two  and  one-half  to  three  minutes  before 
the  second  contact.  I  was  observing  with  a  telescope  made  up  of  a 
field  glass  and  a  small  reflector,  using  no  slit,  and  when  I  began  ob- 
serving I  saw  the  narrow  crescent  of  the  sun  as  a  dark  crescent  in 
the  spectroscope.  The  form  of  the  lines,  instead  of  being  straight, 
was  crescent.  Then  the  bright  lines  began  to  encroach  upon  the 
dark  crescent,  and  the  dark  crescent  began  to  shorten  and  broke 
up  into  a  number  of  short  crescents,  and  these  came  down  to  a  nar- 
row line,  not  a  dark  line  but  a  bright  line,  which  continued  for  nearly 
a  second  and  then  suddenly  disappeared,  when  the  whole  field  was 
filled  with  bright  lines.  The  F  line,  at  the  time  of  totality,  extended 
around  almost  the  complete  circle,  perhaps  three-quarters  of  the  way 
round,  and  at  that  time  there  were  only  a  few  other  lines  observable. 
The  magnesium  lines  showed  somewhat.  One  thing  I  wish  to  call 
attention  to  is  that  the  photograph  shows  that  at  the  second  exposure 
there  were  only  bright  lines  and  no  dark  lines  at  all.  Mr.  Gilbert  was 
under  the  impression  that  the  photosphere  had  not  quite  gone.  The 
base  of  the  chromosphere  was  intensely  bright,  and  this  is  required 
for  the  reversal  of  the  small  lines  which  are  produced  very  close  to 
the  photosphere.  I  also  call  attention  to  the  fact  that  where  the 
spectrum  was  almost  continuous  there  was  a  very  decided  difiference 
between  the  brightness  of  the  bright  lines  and  the  dark  lines.  Very 
many  of  the  dark  lines  were  reversed,  and  there  was  no  such  phe- 
nomenon connected  with  the  bright  lines. 

W.  W.  Campbell.  This  layer  which  is  spoken  of  is  shown  in  one 
photograph  which  was  taken  before  the  totality  was  ended,  absolutely 
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that  and  nothing  else,  and  it  extends  over  one  hundred  and  fifty  de- 
grees on  the  western  side  of  the  sun.  Another  point  that  I  wish  to 
emphasize  is  our  appreciation  of  the  kindness  of  the  Weather  Bureau 
in  sending  us  bulletins.  The  Weather  Bureau  observations  showed 
that  a  strip  of  territory  in  western  Georgia  and  in  eastern  Alabama, 
had  the  best  chance  of  securing  observations  of  the  eclipse.  But  in 
fact  I  think  we  had  the  poorest  weather.  A  minute  after  the  eclipse 
was  over  the  sun  was  thickly  clouded  over,  a  large  mass  of  clouds 
coming  up  from  the  west.  In  connection  with  this  I  will  say  that  a 
member  of  our  party  made  it  a  part  of  his  business  to  observe  the 
corona,  and  he  found  that  he  could  visually  observe  the  corona  seven- 
ty seconds  after  the  eclipse  was  over.  We  thought  it  was  not  worth 
while  to  take  photographs  at  that  time,  but  we  could  probably  have 
followed  the  corona  longer  except  for  the  clouds  which  came  up  and 
covered  the  sky  at  that  time.  With  regard  to  the  green  ring  in  1898, 
which  was  shown  very  much  broken  up,  indicating  great  coronal 
activity  there,  in  this  eclipse  we  had  the  green  material  piled  up  in 
large  masses. 

A  Member.  I  was  watching  the  region  of  F,  to  learn  how  to  keep 
the  image  in  the  slit.  It  was  not  a  gradual  nor  a  sudden  change, 
but  a  flickering  one ;  and  it  went  out  a  number  of  seconds  after  the 
totality  in  exactly  the  same  manner  that  it  came  in,  so  far  as  its 
brightness  was  concerned.  I  am  sure  that  if  the  best  arrangements 
were  made  to  economize  the  light,  a  grating  of  twenty-one  and  a 
half  feet  focal  length  could  be  successfully  used.  The  light  from 
that  part  of  the  sun  which  was  upon  the  slit  was  not  more  than 
I /200th  part  of  that  thrown  by  the  coelostat  upon  the  ruled  portion  of 
the  grating.  If  we  could  in  some  way  economize  the  slit  we  might 
get  good  results  from  it. 

Mr.  Jewell.  Probably  the  flickering  spoken  of  was  due  to  a  slight 
tremulousness  of  the  atmosphere.  An  interesting  thing  to  observe 
was  the  carbon  bands,  which  were  exceedingly  bright  at  a  distance  of 
one  hundred  or  two  hundred  miles  above  the  sun's  surface,  and  which 
extended  out  about  four  hundred  miles. 

OBSERVATIONS  OF  EROS  AT  THE  COMING 
OPPOSITION. 

Simon  Newconib.  Some  one  has  divided  astronomers  into  two 
classes,  those  who  talk  about  things  to  be  done,  and  those  who  go  to 
work  and  do  them.  In  the  present  case  I  am  afraid  we  shall  have  to 
enroll  ourselves  in  the  first  class,  because  it  is  not  easy  to  do  anything 
in  this  matter,  the  situation  in  this  country  not  being  favorable  to  the 
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determination  whicli  we  have  in  view.  You  are  doubtless  all  aware 
of  the  great  interest  attaching  to  this  remarkable  asteroid.  It  may  be 
said  to  supply  us  with  what  we  have  long  been  wanting,  an  object 
admitting  of  exact  observation,  which  at  proper  intervals  will  come 
so  near  the  earth  that  the  solar  parallax  can  be  determined  with 
greater  precision  than  by  any  other  method.  It  would  hardly  be 
possible  to  get  one  more  exactly  to  fill  the  bill.  The  minimum  dis- 
tance of  Eros  from  the  earth  is  0.15  of  the  distance  of  the  earth 
from  the  sun.  It  follows,  therefore,  that  at  certain  times  it  will  be 
about  as  near  to  us  as  observations  can  advantageously  be  made. 
Were  it  to  come  very  much  nearer  the  additional  advantage  would 
be  slight,  for  the  reason  that  the  elements  of  its  orbit  could  hardly 
be  known  with  sufficient  accuracy  to  give  us  greater  advantage;  0.15 
is  all  that  we  can  ask  for,  since  that  distance  will  diminish  the  eiifect 
of  errors  of  observation  by  six  or  seven  times.  We  have  made  very 
little  progress  in  this  direction  for  fifty  years,  and  may  now  hope  for 
something  more.  Yet  in  Eros,  the  Fates  or  whoever  rules  our  des- 
tiny, have  supplied  us  with  something  very  tantalizing.  It  turns  out 
that  the  nearest  approach  to  Eros  to  the  earth  occurs  only  on  rare 
occasions.  A  nearest  approach  occurred  in  1894,  and  another  ap- 
proach as  near  as  that  will  not  occur  until  after  the  middle  of  the  com- 
ing century.  But  an  approach  as  near  as  can  occur  in  the  next 
twenty  years  will  take  place  in  the  coming  autumn,  when  its  mini- 
mum distance  from  the  earth  will  be  about  0.3,  or  twice  its  absolutely 
shortest  distance.  It  is  very  desirable  that  astronomers  who  devote 
their  attention  to  the  determination  of  the  solar  parallax,  should 
take  advantage  of  this  opportunity  for  we  shall  have  a  parallactic 
displacement  of  Eros  exceeding  three  times  and  possibly  five  times 
the  solar  parallax.  But  there  are  many  drawbacks,  the  planet  is 
faint ;  it  will  probably  be,  when  nearest  to  us,  but  little  above  the 
ninth  magnitude,  and  it  will  therefore  be  scarcely  possible  from  its 
rapid  motion  to  photograph  it,  or  to  ascertain  its  true  position  upon 
the  plate  at  any  given  time.  It  is  difficult  to  ascertain  just  how  the 
observations  upon  it  should  be  made.  With  the  view  of  getting  the 
ideas  of  those  who  are  interested  in  the  matter  and  of  ascertaining 
how  the  stations  can  best  be  planned,  I  have  published  in  the  Astro- 
nomical Journal  a  paper  upon  this  subject,  accompanied  by  diagrams 
to  aid  in  the  selection  of  the  observing  stations.  These  diagrams 
give  four  projections  showing  the  position  of  the  earth  as  seen  from 
the  direction  of  Eros,  at  different  periods  during  the  opposition. 
(A  copy  of  one  of  the  diagrams  was  placed  upon  the  blackboard). 
If  we  imagine  an  observer  looking  down  upon  the  earth  from  Eros, 
the  relative  parallax  between  any  two  points  upon  the  earth's  surface, 
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will  be  the  distance  of  those  two  points  as  seen  by  the  observer  upon 
the  planet.  These  diagrams  therefore  show  us  the  advantages  and 
disadvantages  of  any  two  stations  we  may  choose.  The  line  of  sunset, 
showing  when  Eros  will  be  visible  to  us,  will  be  nearly  the  same  for 
several  nights  in  succession.  Taking  for  example  December  i6th  ;  in 
that  part  of  the  earth  upon  the  left  of  the  diagram,  it  will  be  day,  and 
observers  there  cannot  see  the  planet  at  all.  It  is  only  in  the  remaining 
region  that  an  observer  can  see  the  planet.  I  will  mark  upon  this  por- 
tion degrees  of  latitude,  showing  the  position  of  different  observatories. 
On  the  circle  of  60°  north  latitude,  Pulkowa  and  Helsingfors  are 
situated,  their  position  upon  the  circle  depending  upon  the  time  of 
observation.  It  is  evident  from  the  diagram  that  the  parallax  at  those 
points  will  be  very  great :  and  those  two  places  have  the  advantage 
of  being  near  one  end  of  the  base  line  giving  the  greatest  observable 
amount  of  parallax.  The  asteroid  being  so  far  north  on  Decem- 
ber i6th,  does  not  set  at  all  at  those  places.  It  is  evident  that  the  best 
corresponding  point,  giving  the  longest  base  line,  will  be  in  the  por- 
tion of  the  diagram  south  of  the  equator.  The  planet  at  that  time 
is  only  visible  about  15°  south  of  the  equator  and  the  only  observa- 
tory in  that  region  is  at  Arequipa.  If  then  observations  are  made  at 
the  Arequipa  Observatory,  for  an  hour  or  two,  and  if  observations 
are  also  made  at  Pulkowa  or  Helsingfors  for  an  hour  or  two,  it  will 
give  us  the  longest  possible  base  line  for  these  observations.  Obser- 
vations may  be  made  at  other  points,  but  they  will  be  less  available 
in  the  determination  of  the  parallax  than  those  made  at  Pulkowa  or 
Helsingfors  and  at  Arequipa.  Another  point  for  consideration  is 
that  if  the  two  sets  of  observations  are  made  at  different  times,  the 
planet  will  be  moving  in  the  meanwhile.  Its  motion  is  verv  rapid, 
and  an  element  of  imcertainty  is  introduced  by  the  necessity  of  de- 
termining the  amount  of  this  motion.  If  the  observations  at  Pulkowa 
or  at  Helsingfors  and  at  Arequipa  are  not  simultaneous  this  uncer- 
tainty affects  the  result.  The  question  arises  therefore  whether 
simultaneous  observations  can  be  obtained  at  the  end  of  this  base 
line.  To  determine  that  question  we  have  only  to  imagine  a  map  of 
the  world  upon  this  diagram.  As  the  observer  at  Eros  comes  in 
sight  of  the  oceans  and  continents  of  the  earth,  passing  before  him, 
he  will  see  the  two  stations,  at  Helsingfors  and  at  Arequipa ;  and  ob- 
servations cannot  be  simultaneous  unless  he  can  see  both  at  once. 
We  see  that  the  conditions  are  extremely  favorable.  While  Arequipa 
is  passing  along  in  this  region,  near  the  sunset  line,  Pulkowa  will  be 
passing  along  in  this  region,  near  the  opposite  horizon ;  so  that  we 
may  combine  observations  made  at  Arequipa  early  in  the  evening, 
near  the  end  of  twilight,  with  those  at  Pulkowa  several  hours  later 
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in  local  time,  in  the  latter  part  of  the  night,  and  they  will  he  nearly 
if  not  quite  simultaneous.  We  can  thus  obtain  the  maximum  paral- 
lax, which  will  be  48",  with  a  little  allowance  for  rnotion,  from  the 
observations  of  those  two  stations.  Later  in  the  season  the  Cape  of 
Good  Hope  will  appear  above  the  horizon,  and  then  another  combin- 
ation can  be  made,  the  circumstances  will  be  less  favorable.  We 
might  have  observations  at  Paris,  Greenwich,  Potsdam,  etc.,  but 
they  will  afford  less  favorable  means  of  comparison  than  Pulkowa 
and  Arequipa,  which  give  the  longest  possible  base  line.  As  to  our 
own  position,  we  can  observe  in  connection  with  Arequipa,  but  not 
easily ;  and  in  connection  with  the  Cape  of  Good  Hope,  but  when 
Eros  rises  with  us  it  will  set  at  the  Cape  of  Good  Hope.  On  the 
whole  we  cannot  too  strongly  impress  upon  Professor  Pickering  the 
desirability  of  getting  at  Arequipa  the  best  observations  that  can  be 
made  there,  for  combination  with  all  the  other  stations.  As  to  the 
method  of  making  the  observations,  undoubtedly  we  must  depend 
upon  photography.  There  is  no  heliometer  at  Arequipa,  and  at  the 
Cape  it  is  not  certain  that  it  is  available.  It  will  not  do  to  depend 
upon  the  heliometer.  We  must  depend  upon  photography,  and  it  is 
not  easy  for  one  not  an  expert  to  make  valuable  suggestions  with 
regard  to  that.  An  additional  complication  arises  from  the  rapid 
motion  of  the  planet.  It  does  not  appear  certain  that  the  planet  can 
be  photographed  at  all  so  as  to  be  available  for  this  purpose.  It  must 
rest  in  one  position  long  enough  to  take  a  picture  or  there  will  be  no 
trace  of  it  upon  the  plate.  Professor  Pickering  says  that  there  will 
be  no  difficulty  in  getting  a  trail ;  but  that  will  not  answer  the  pur- 
pose. In  view  of  the  fact  that  most  of  the  stars  will  be  brighter  than 
the  asteroid,  photographs  may  be  taken  by  focusing  upon  the  planet 
and  taking  a  trail  of  the  brighter  stars.  But  the  difficulty  remains 
of  getting  the  time  from  the  trails.  Another  difficulty  is  that  we  have 
no  first-class  photographic  apparatus  in  the  equatorial  region,  avail- 
able for  this  purpose.  I  conclude  that  the  combination  of  Pulkowa 
and  Helsingfors  with  Arequipa  ought  to  be  our  main  reliance  for 
obtaining  the  value  of  the  solar  parallax. 

G.  A.  Peters.  I  should  think  that  owing  to  the  fact  that  the  planet 
is  upon  the  horizon  during  the  observations  for  parallax,  the  light 
would  be  much  diminished,  and  that  the  photographic  plan  would 
in  that  respect  suffer  a  disadvantage  in  comparison  with  observations 
obtained  visually.  Unless  large  telescopes  are  used,  and  the  atmos- 
phere is  extremely  clear,  there  is  danger  that  no  observations  can  be 
obtained  in  that  way. 

Professor  Newcomb.  It  is  fortunate  that  at  the  stations  where 
the  planet  is  near  the  horizon  the  heavens  are  remarkably  clear.    At 
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Arequipa,  Pulkowa  and  Helsingfors  the  vapors  near  the  horizon  are 
but  a  minute  fraction  of  those  in  the  clime  of  Washington.  It  is 
a  curious  meteorological  fact  that  here  the  vapor  is  generally  so 
dense  that  good  seeing  near  the  horizon  is  much  more  rare  than  at 
the  stations  selected. 

C.  G.  Abbott.    Would  it  not  be  well  to  use  isochromatic  plates? 

Professor  Newcomb.  That  is  a  detail  that  we  shall  probably  have 
to  leave  to  those  who  take  the  photographs. 

S.  J.  Brown.  I  have  given  this  matter  some  attention.  It  seems 
to  me  that  micrometric  observations  could  be  carried  on  simul- 
taneously, especially  in  the  United  States.  We  have  Pulkowa,  Strass- 
burg,  Charlottesville,  Evanston,  Madison,  Princeton,  Washington, 
and  the  Lick  Observatorj',  and  the  Yerkes,  where  work  can  be 
advantageously  done  with  large  telescopes.  While  the  factor  of  the 
parallax  is  very  much  smaller  in  the  case  of  simultaneous  micrometiic 
observations,  the  main  thing  seems  to  be  to  secure  the  necessary  co- 
operation, and  to  prepare  a  careful  plan  beforehand.  The  motion  of 
Eros  is  so  large  that  the  observations  will  have  to  be  very  nearly 
simultaneous.  The  difference  in  the  factor  for  parallax  between 
Pulkowa  and  Washington  is  about  i.i.  It  is  not  much  greater  be- 
tween Pulkowa  and  the  Lick  Observatory.  It  is  1.92  at  Charlottes- 
ville; 1.26  for  the  Lick  Observatory,  1.13  for  Washington,  and  about 
the  same  for  Princeton ;  so  that  by  simultaneous  obser\-ations  be- 
tween Pulkowa,  Strassburg,  Greenwich,  and  the  observatories  in  the 
United  States,  we  may  obtain  a  parallax  of  about  15"  between  the 
1st  of  October,  and  January  i6th.  My  impression  is  that  stars 
should  be  selected  not  more  than  60"  from  the  planet,  and  that  they 
should  be  compared  at  nearly  the  same  Greenwich  mean  time  at  all 
the  stations.  In  this  way  observations  may  be  obtained  extremely 
valuable  for  determining  the  parallax.  I  am  not  certain  but  that  the 
planet  can  be  photographed  to  advantage:  but  it  would  require  a  long 
time,  and  the  motion  of  the  planet  would  be  uncertain ;  so  that  the 
advantage  I  think  would  be  out-weighed  by  the  accuracy  with  which 
micrometric  observations  could  be  made ;  and  if  referred  to  the  same 
stars,  eliminating  the  motion  of  the  planet,  we  might  expect  preci- 
sion. The  position  of  the  planet  can  be  ascertained  closely  enough, 
and  its  parallax  known  so  nearly  that  we  can  measure  it  to  advan- 
tage in  telescopes  varying  from  sixteen  to  forty  inches  in  aperture  in 
the  United  States.  I  had  started  to  draw  up  a  letter  to  be  sent  to 
the  directors  of  the  observatories  of  Pulkowa,  Strassburg,  and  Green- 
wich in  Europe,  and  in  this  country  at  Charlottesville,  Princeton, 
Madison,  the  Yerkes  and  the  Lick,  asking  that  co-operative  work 
might  be  carried  on,  and  asking  for  a  selection  of  the  stars.     If  we 
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assume  60"  for  the  greatest  distance  from  the  planet,  and  a  parallax 
varying  from  15"  to  30",  this  will  give  a  distance  from  60"  to  90"; 
and  you  can  go  down  to  the  loth  magnitude,  the  magnitude  of  the 
planet,  and  find  in  the  field  a  number  of  suitable  stars,  which  should 
be  symmetrically  situated  in  rectangular  co-ordinates.  In  this  way 
it  seems  to  me  that  we  can  obtain  from  these  large  telescopes  obser- 
vations of  as  great  accuracy  as  those  obtained  by  the  photograph, 
although  the  distance  may  be  twice  as  great  and  the  factor  twice  as 
great.  I  do  not  see  that  anything  practical  can  be  done  by  this  asso- 
ciation. It  must  remain  for  some  one  to  take  the  initiative ;  and  there 
ought  to  be  no  difficulty  in  getting  suggestions  to  perfect  such  a 
simple  plan,  such  as  may  result  in  saving  the  day  for  the  observa- 
tions of  Eros.  Photographic  observations  would  have  to  be  confined 
largely  to  Pulkowa,  Berlin,  or  Potsdam,  and  Arequipa,  the  Cape  of 
Good  Hope  will  not  come  in  until  along  towards  the  end  of  the  op- 
position. It  seems  to  me  therefore  that  micrometric  observation,  un- 
der these  circumstances  will  be  a  matter  of  considerable  importance. 

Professor  Newcomb.  We  want  these  stars  as  nearly  of  the  same 
magnitude  as  possible.  In  a  space  of  60'  square,  the  mean  distance 
of  the  stars  would  be  about  6'.  The  planet  moves  about  2"  of  arc 
in  a  minute.  An  observer  making  a  careful  micrometric  measure 
must  take  at  least  ten  or  twenty  seconds  to  make  up  his  mind  about 
the  bisection.  During  ten  seconds  the  planet  will  have  moved  over 
a  space  of  1/3"  of  arc,  a  quantity  not  appreciable  but  still  large 
enough  to  leave  open  the  question  whereabouts  during  that  period  of 
ten  or  twenty  seconds  occupied  in  making  the  bisection,  the  planet 
actually  was  at  the  time  assumed  for  the  bisection.  There  arises 
an  uncertainty  which  may  be  systematic.  It  may  be  different  for 
different  observers  and  different  places.  This  uncertainty  seems  to 
preclude  dependence  upon  the  process  of  micrometric  measurement. 
In  the  case  of  the  satellites  of  Saturn  we  know  that  results  are 
obtained  differing  enormously. 

S.  J.  Brown.  And  for  the  satellite  of  Neptune  the  difference  is 
still  greater. 

Professor  Newcomb.  There  are  some  systematic  differences  at- 
tending micrometric  observations,  but  these  can  be  diminished  if 
we  take  our  observations  to  avoid  them.  We  have  the  method  of 
difference  of  right  ascension  and  declination,  when  we  take  the  right 
ascension  entirely  free  from  the  declination,  taking  the  right  ascen- 
sion at  the  time  of  passing  a  certain  thread.  If  the  star  is  chosen  of 
about  the  same  magnitude  as  the  planet,  it  will  be  free  from  one 
source  of  systematic  error,  but  there  may  be  a  great  many  others. 
If  each  set  requires  a  minute  or  two,  and  if  two  threads  are  used, 
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you  may  make  sixty  comparisons  in  an  hour,  which  I  think  will  be 
more  than  can  be  done  with  the  micrometer.  There  is  then  much 
room  for  systematic  error. 

G.  W.  Hough.  I  think  the  most  accurate  work  can  be  done  with 
the  micrometer.  With  an  iS^/l-inch  telescope  there  is  no  trouble  in 
seeing  an  eleventh  or  twelfth  magnitude  star ;  and  it  is  only  necessary 
to  get  the  time  of  the  bisection  and  the  position  angle  and  distance. 
The  time  can  be  known  within  a  few  seconds,  and  ten  observations 
can  be  made  as  readily  as  one.  So  we  can  get  a  final  result  free  from 
systematic  error. 

Simon  Newcomb.  That  may  be  quite  possible  for  a  twelfth  mag- 
nitude star. 

G.  W.  Hough.  The  method  of  differences  of  right  ascension  and 
declination  I  use  very  often ;  but  then  we  must  depend  upon  the  sta- 
bility of  the  telescope.  It  may  require  one  and  one-half  to  two 
minutes  to  pass  from  the  star  to  the  planet,  and  there  is  a  liability 
to  error  from  the  action  of  the  wind  or  from  other  causes.  In  pho- 
tographic work  the  star  will  be  near  the  horizon  at  the  time  required 
for  its  observation,  and  the  time  required  will  be  very  long,  especially 
if  we  use  isochromatic  or  other  such  plates ;  and  that  will  be  a  great 
objection. 

W.  W.  Campbell.  It  seems  to  me  that  both  the  methods  suggested 
should  be  submitted  to  actual  trial  before  the  entire  campaign  is 
based  upon  either  method.  It  ought  to  be  possible  by  means  of 
known  asteroids  moving  rapidly  to  obtain  photographs,  by  allowing 
the  stars  to  trail  or  the  asteroid  to  trail,  and  we  could  learn  with 
what  accuracy  the  position  of  the  asteroid  can  be  obtained  upon  a  cer- 
tain plate.  Furthermore  it  will  be  easy  to  test  the  method  of  observ- 
ing faint  stars  near  the  asteroid.  In  large  telescopes  it  will  be  pos- 
sible either  to  get  a  star  of  the  twelfth  or  thirteenth  magnitude  within 
one  minute  of  arc,  and  by  selecting  stars  in  different  directions  from 
the  asteroid  it  will  be  possible  to  eliminate  practically  all  the  personal 
element  entering  into  the  question.  In  my  experience  in  micrometric 
measures  there  is  never  an  uncertainty  greater  than  two  or  three 
seconds  as  to  the  exact  instant  of  bisection,  and  the  motion  of  the 
planet  in  that  time,  for  that  particular  observation,  will  be  small  as 
compared  with  the  accidental  error  probably  made.  If  we  take  ten 
observations  together  the  motion  of  the  planet  will  be  practically 
unimportant.  My  main  point  is  that  the  method  fixed  upon  should 
be  actually  submitted  to  test  before  the  campaign  is  started.  It  would 
be  a  serious  matter  if  the  campaign  should  be  carried  on,  and  after- 
wards it  should  be  ascertained  that  in  consequence  of  some  oversight 
the  results  are  of  very  little  importance. 
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G.  C.  Comstock.  If  twelfth  magnitude  stars  are  to  be  used  in  the 
comparisons,  can  provision  be  made  to  secure  the  observation  of  the 
same  stars  at  the  different  stations? 

W.  W.  Campbell.  A  photographic  plate  can  be  secured  from 
which  the  accurate  positions  of  these  stars  can  be  ascertained. 

G.  C.  Comstock.  Is  there  time  for  this  before  the  campaign 
begins? 

W.  W.  Campbell.  I  think  there  should  be  a  carefully  prepared 
plan. 

S.  J.  Brown.  In  relation  to  the  observation  of  differences  of  right 
ascension  and  declination,  all  the  observations  will  have  to  be  made 
before  we  can  determine  the  corrections,  because  the  changes  of  right 
ascension  and  declination  will  not  be  in  proportion  to  the  elapsed 
time  in  consequence  of  the  rapid  motion  of  the  asteroid.  We  need 
to  eliminate  the  systematic  errors.  You  mark  your  time,  and  your 
measurement  does  not  correspond  with  the  time  you  have  marked. 
That  leads  to  a  systematic  error.  If  we  can  eliminate  this  I  think 
that  observations  of  great  accuracy  can  be  made.  In  this  case  it  is 
proposed  to  select  stars  which  shall  not  be  more  than  thirty  seconds 
in  time  away  from  the  planet.  In  micrometric  measures  the  sug- 
gestion is  Go",  which  added  to  the  displacement  of  the  planet  amounts 
to  90".  Above  that  distance  there  would  be  a  rapid  increase  of  prob- 
able errors.  Tlie  main  difficulty  appears  to  be  in  the  selection  of 
stars  down  to  the  eleventh  or  twelfth  magnitude. 

W.  W.  Campbell.  It  seems  to  me  that  the  method  of  observation 
by  transits  is  objectionable.  With  the  equatorial  telescope  there  is 
a  tremendous  personal  equation  in  the  observation  of  stars  and 
comets.  Undoubtedly  there  will  be  a  similar  personal  equation  in 
the  observation  by  transits  of  an  asteroid  and  a  faint  comparison  star 
differing  three  or  four  magnitudes  from  the  asteroid.  There  are 
many  things  that  may  occur ;  the  refraction  may  be  changed,  or  the 
position  of  the  instrument  may  be  changed  if  we  wait  a  minute  or 
two  for  the  comparison  star  to  come  along.  Our  experience  in  the 
observation  of  comets  shows  that  very  much  better  observations  can 
be  secured  if  we  throw  overboard  the  method  of  observing  differ- 
ences of  right  ascension  and  declination. 

G.  W.  Hough.  I  disagree  as  to  the  time  required  for  the  obser- 
vations, and  I  have  made  thousands  of  observations  of  differences  of 
right  ascension  and  declination.  But  one  measure  of  the  position 
angle  is  better  than  anything  you  can  get  from  differences  of  right 
ascension  and  declination. 

S.  J.  Brown.  We  have  to  shift  the  micrometer  90°  in  taking  the 
position  angle.    Suppose  the  planet  to  move  i"  per  minute,  the  change 
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in  the  angle  is  not  proportional  to  the  time,  and  the  change  in  the 
distance  is  not  proportional  to  the  time.  I  have  come  to  the  conclu- 
sion that  differences  of  right  ascension  and  declination  can  be  de- 
termined with  greater  accuracy  than  differences  of  position  angle 
and  distance.  One  point  we  wish  to  agree  upon  is  a  uniform  method 
of  measurement.  Observations  cannot  well  be  compared  if  one  ob- 
servation is  made  upon  one  plan  and  another  observation  upon  a 
different  plan.  I  have  no  doubt  that  the  difference  in  magnitude  is 
a  very  important  factor  in  determining  the  position.  In  my  obser- 
vations of  Titan  I  reduced  my  observations  by  the  method  of  least 
squares,  and  all  the  equations  gave  positive  residuals  except  one; 
and  that  could  only  be  explained  upon  the  theory  of  variable  personal 
equation  from  difference  of  magnitude.  Even  with  faint  stars  it 
would  be  difficult  to  use  differences  of  right  ascension  observed  with 
the  chronograph  or  eye  and  ear.  I  think  we  ought  to  have  the  ex- 
perience of  those  who  have  had  experience  with  stars  of  the  magni- 
tude to  be  used  as  to  their  method  of  treating  them.  The  photo- 
graphic method  I  think  is  subject  to  special  dangers  on  account  of 
the  low  altitude  of  the  asteroid  in  the  southern  hemisphere. 

W.  W.  Campbell.  The  base  line  which  Professor  Newcomb  has 
indicated  has  a  great  extent,  but  as  to  successful  working  much 
depends  upon  wise  compromise  which  ought  to  be  considered.  At 
the  expense  of  longer  observation  the  observers  are  going  to  work 
near  the  horizon,  where  the  refraction  will  be  more  uncertain.  Fur- 
thermore the  image  to  be  measured  will  not  in  all  cases  be  satisfac- 
tory on  account  of  the  vapors  rising  near  the  horizon.  What  amount 
of  difference  in  the  base  line  will  outweigh  the  differences  in  the  at- 
mosphere we  shall  have  to  compete  with?  It  appears  to  me  that  a 
base  line  which  gives  only  two-thirds  of  the  parallax  may  be  more 
accurate  than  one  which  gives  five-sixths,  in  consequence  of  the  better 
conditions  under  which  the  observations  may  be  made. 

G.  C.  Comstock.  We  should  not  be  mislead  by  the  drawing  upon 
the  blackboard,  because  it  is  not  drawn  to  scale.  Taking  the  indi- 
cated positions,  we  shall  not  bring  our  observations  very  near  the 
horizon.  I  agree  that  we  should  not  seek  the  maximum  possible  base 
line,  there  are  other  considerations  in  the  problem,  but  we  should  get 
the  longest  base  line  we  can  without  encroaching  upon  the  horizon, 
and  Pulkowa  and  Arequipa  do  not  crowd  the  observations  upon  the 
horizon. 

S.  J.  Brown.  We  have  to  take  the  telescopes  as  they  can  be  found. 
At  Pulkowa  they  have  an  excellent  telescope,  and  at  Arequipa  also ; 
and  they  are  of  identical  power.  These  two  stations  are  fixed,  there- 
fore, by  the  facts  of  the  case.    And  so  the  Cape  of  Good  Hope  w'ill 
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be  fixed  as  another  station.  The  photographic  program  is  fixed.  I 
think  the  matter  will  be  settled  according  to  the  circumstances  as 
they  exist  now.  We  have  three  photographic  telescopes  of  thirteen- 
inch  aperture  distributed  very  favorably  in  the  southern  hemis- 
phere, and  three  or  four  in  the  northern  hemisphere.  The  micro- 
metric  problem  is  one  which  I  think  the  astronomers  of  America 
can  agree  to  co-operate  in,  and  I  think  we  ought  to  have  con- 
siderable influence  in  inducing  Strassburg  and  Greenwich  to  co- 
operate with  us.  If  we  can  secure  the  agreement  of  astronomers 
in  this  country  and  send  word  to  those  in  Europe  before  October 
1st,  we  may  possibly  save  the  situation,  and  perhaps  produce 
results  comparable  in  accuracy  with  those  from  the  photo- 
graphic plates.  The  planet  may  be  observed  at  Pulkowa  and  Wash- 
ington from  October  1st  to  January  i6th,  the  observations  at  Pul- 
kowa extending  to  an  hour  angle  of  six  or  seven  hours.  Then  the 
planet  would  have  an  altitude  of  30°  ;  and  the  factor  can  be  extended 
from  15"  to  30"  or  even  35".  But  I  have  been  unwilling  to  write 
to  foreigners  until  I  could  ascertain  the  opinions  of  astronomers  here. 

Winslow  Upton.  I  think  if  Professor  Pickering  were  here  he 
would  assure  us  that  Arequipa  is  remarkably  well  situated  to  adapt 
it  for  a  southern  station.  The  condition  of  the  climate  and  the  at- 
mosphere is  favorable,  and  it  has  an  elevation  of  8000  feet  above  the 
level  of  the  sea,  ensuring  good  definition.  Again,  the  twilight  there 
is  always  short.  We  can  be  perfectly  sure  that  Professor  Pickering 
will  use  the  facilities  of  the  situation  to  the  utmost.  But  there  is  a 
difficulty  from  the  unknown  law  of  refraction.  The  discussion  of  the 
observations  will  take  the  differential  form,  but  the  law  is  not  known 
at  all.  These  considerations  do  not  apply  to  Pulkowa,  but  there  the 
planet  will  not  be  low. 

F.  L.  Chase.  With  regard  to  diurnal  motion,  will  it  be  possible  to 
eliminate  the  motion  of  the  planet  ? 

S.  J.  Brown.  I  think  the  micrometric  method  in  that  respect  out 
of  the  question.  The  motion  of  the  planet  is  about  10'  in  ten  hours, 
and  it  would  be  difficult  in  a  large  telescope  to  measure  that  arc  of 
10'.  We  find  that  with  the  great  telescope  at  Washington  we  are 
limited  to  4'  or  5'.  Beyond  that  we  do  not  get  good  results.  You 
cannot  make  the  observations  without  shifting  the  eyepiece;  and  I 
have  made  up  my  mind  that  for  the  purposes  of  micrometric  obser- 
vation the  diurnal  plan  would  be  out  of  the  question. 

J.  G.  Hagen.  Referring  to  the  photographic  method,  there  is  a 
difficulty  which  has  not  been  discussed.  The  motion  of  the  planet, 
in  taking  a  photograph,  which  may  require  an  hour  or  more,  will 
produce  a  trail.    There  is  an  opportunity  to  choose  between  allow- 
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ing  the  planet  to  trail,  and  allowing  the  stars  to  trail.  Perhaps  the 
same  object,  of  securing  an  accurate  position  for  the  planet  upon 
the  plate,  can  be  attained  by  interruption  of  the  exposure.  The  time 
of  the  motion  can  be  known  within  ten  seconds ;  and  while  the  planet, 
of  the  ninth  magnitude,  may  be  obtained  upon  the  plate,  the  bright 
stars  may  be  obtained  in  a  series  of  dots,  each  exposure  giving  an 
independent  determination.  Whether  these  interruptions  should  be 
made  once  in  ten  seconds  or  once  in  a  minute  is  a  question  for  experi- 
ment. I  merely  make  the  suggestion  of  a  method  that  may  remove 
the  difficulty. 


S.  p.  LANG  LEY 


THIRD  MEETING 

The  first  winter  meeting  of  the  Astronomical  Society  was  held  at 
the  Cosmos  Club,  Washington,  D.  C,  on  Monday,  Tuesday  and 
Wednesday,  December  30,  1901,  to  January  i,  1902.  Sessions  for 
the  reading  of  papers  were  held  both  morning  and  afternoon  on 
Monday  and  Tuesday  and  on  Wednesday  morning.  The  maximum 
attendance  of  about  fifty  was  reached  on  Tuesday. 

A  number  of  members  lunched  together  at  Barton's  on  Monday 
and  Tuesday,  and  on  Monday  evening  attended  a  dinner  at  the  same 
place.  The  president  of  the  Society  presided,  and  among  the  delight- 
ful features  were  the  after-dinner  speeches  by  Professors  W.  W. 
Campbell,  George  E.  Hale  and  Solon  I.  Bailey. 

On  Tuesday  evening  President  and  Mrs.  Newcomb  received  the 
members  of  the  Society  and  numerous  guests  at  a  conversazione  held 
at  the  Arlington  Hotel.  During  the  evening  papers  illustrated  with 
lantern  slides  were  read  by  Professor  Percival  Lowell  on  Mars,  by 
Professor  S.  P.  Langley  on  personal  equation  and  on  the  infra-red 
spectrum,  by  Professor  George  E.  Hale  on  a  comparison  of  the  re- 
sults obtained  by  photography  with  the  forty-inch  refractor  and  the 
twenty-four-inch  reflector  at  the  Yerkes  Observatory,  and  by  Profes- 
sor W.  W.  Campbell  on  the  work  of  the  Lick  Observatory  eclipse 
party  in  Sumatra  and  on  the  nebula  surrounding  Nova  Persei.  At  the 
conclusion  of  the  reading  of  these  papers,  all  adjourned  to  an  ad- 
joining room,  where  numerous  astronomical  photographs  and  trans- 
parencies were  being  exhibited.  These  included  some  of  the  most 
notable  achievements  in  this  direction  from  the  Harvard  College 
Observatory,  the  Lick  Observatory,  the  Yerkes  Observatory,  and  the 
United  States  Naval  Observatory. 

On  Tuesday  a  number  of  the  members  visited  the  Astrophysical 
Observatory  of  the  Smithsonian  Institution  upon  a  special  invitation 
to  the  Society  by  Secretary  Langley. 

At  the  adjournment  of  the  session  on  Wednesday  morning,  the 
members  visited  the  White  House  and  paid  their  respects  to  Presi- 
dent Roosevelt,  special  arrangements  having  been  made  for  their 
reception. 
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The  election  was  held  on  Wednesday,  resulting  in  the  selection  of 
officers  for  the  ensuing  year  as  follows : 

President Simon    Newcomb 

First  Vice-President George  E.  Hale 

Second  Vice-President W.  W.  Campbell 

Secretary George  C.  Comstock 

Treasurer C.  L.  Doolittle 

Ormond  Stone 

Councilors J     ^  S^  J;.  ?''°.^^" 

E.  C.  Pickermg 

R.  S.  Woodward 

Professor  W.  S.  Eichelberger  was  appointed  Editor  for  the  meet- 
ing. 


RESOLUTIONS  ADOPTED 

Resolved,  That  the  members  of  the  Astronomical  and  Astrophysi- 
can  Society  in  attendance  at  this  meeting  hereby  tender  their  cordial 
thanks  to  the  Board  of  Management  of  and  to  the  members  of  the 
Cosmos  Club  for  the  use  of  the  Club,  Assembly  and  Council  rooms, 
for  the  excellent  facilities  afforded  for  the  illustration  and  exposition 
of  the  papers  presented  at  this  meeting,  and  for  the  kindly  social 
courtesies  extended  to  all  members  of  our  Society. 

Resolved,  That  the  thanks  of  this  Society  be  tendered  to  Professor 
S.  P.  Langley  for  the  special  opportunity  afforded  by  him  to  visit 
the  Astrophysical  Observatory  of  the  Smithsonian  Institution. 

Resolved,  That  the  thanks  of  the  Astronomical  and  Astrophysical 
Society  be  tendered  to  the  Philosophical  Society  and  to  its  treasurer, 
Mr.  Bernard  R.  Green,  for  the  use  of  apparatus  and  courtesies 
shown  during  the  present  meeting  of  the  Astronomical  and  Astro- 
physical  Society. 

Resolved,  That  the  Secretary  of  the  Society  be  requested  to  trans- 
mit the  substance  of  these  resolutions  to  the  Board  of  Management 
of  the  Cosmos  Club,  to  Professor  S.  P.  Langley  and  to  the  officers  of 
the  Philosophical  Society  respectively. 

Resolved,  That  the  members  of  the  Society  in  attendance  hereby 
express  their  cordial  appreciation  of  the  active  ser^'ices  of  the  Presi- 
dent in  perfecting  all  arrangements  for  this  meeting  and  in  providing 
so  amply  for  social  as  well  as  for  astronomical  and  astrophysical  en- 
tertainment. 
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ABSTRACTS  OF  PAPERS 

THE  FLASH  SPECTRUM,  SUMATR.\  ECLIPSE, 
MAY  18,  1901. 

BY  S.   A.   MITCHELL. 

The  writer,  through  the  courtesy  of  the  director  of  the  Naval  Ob- 
servatory, became  a  member  of  the  expedition  to  view  the  Sumatra 
ecHpse  on  May  18,  1901,  and  was  stationed  at  Sawah  Loento.  Two 
instruments  were  employed,  a  camera  of  104  inches  focus  to  be  used 
in  connection  with  a  ccelostat ;  and  a  spectroscope  consisting  of  a 
Rowland  fiat  grating  of  15,000  lines  having  a  ruled  space  of  3J4  x  5 
inches,  and  a  quartz  lens  of  3-23/64  inches  aperture  and  jz  inches 
focal  length.  Light  from  the  sun  reflected  by  the  ccelostat  mirror  in 
a  horizontal  direction,  fell  on  the  grating  where  it  was  diffracted,  and 
was  brought  to  a  focus  on  the  photographic  plate  by  means  of  the 
quartz  lens.  If  grating  and  photographic  plate  are  each  perpendicu- 
lar to  the  diffracted  beam,  the  spectrum  is  'norma!.'  It  was  arranged 
to  photograph  the  first  order  spectrum  from  A  3000  to  A  6000. 

The  weather  on  the  day  of  the  eclipse  was  extremely  disappoint- 
ing. Eirst  contact  was  observed  in  a  perfectly  clear  sky,  but  clouds 
soon  began  to  gather  and  were  so  dense  at  second  contact  that  the 
first  flash  was  not  observed  at  all.  Toward  the  middle  of  totality 
conditions  became  a  trifle  better,  so  that  it  was  possible  to  see, 
through  clouds,  the  corona  extending  for  about  half  a  diameter 
from  the  sun.  During  no  time  of  the  5  min.  41  sec.  of  totality  was 
an  unclouded  view  of  the  corona  obtained,  but  nevertheless,  the 
second  flash  was  seen  beautifully.  Altogether  eight  exposures  were 
made,  one  before  and  one  just  after  totality  for  the  cusp  spectrum, 
one  at  first  and  one  at  second  flash  and  four  with  different  lengths 
of  exposure  during  the  total  phase.  The  second  flash  seemed  fully 
exposed,  and  it  is  to  a  discussion  of  this  photograph  that  this  paper 
is  devoted. 

The  peculiarities  of  this  photograph  are  : 

(i)  Normal  spectrum,  and  (2)  Great  dispersion. 

On  the  plate  the  distance  from  F  to  H  is  95.4  mm.,  and  as  the 
spectrum  is  normal,  i  mm.,  therefore,  corresponds  to  a  difference  of 
wave-length  of  9.37  tenth-meters,  or  i  tenth-meter  corresponds  to  a 
dispersion  of  about  o.i  mm.  For  some  reason,  the  spectra  were  not 
in  perfect  focus,  but  in  spite  of  this  fact,  in  view  of  the  great  dis- 
persion of  the  spectrum,  measures  were  made  and  wave-lengths  de- 
termined with  a  high  degree  of  accuracy.     The  spectrum  extends 
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from  A  4924  to  A  3320,  but  the  focus  becomes  poor  beyond  K,  and 
measures  were  discontinued  at  A  3835.  For  the  purposes  of  the 
present  comparison,  the  region  from  F  to  H  only  was  regarded. 
In  this  part  of  the  spectrum  three  hundred  and  sixty-three  hues  were 
measured  in  the  flash.  An  arbitrary  scale  of  intensities  was  assumed 
whereby  o  represents  the  faintest  line  seen  with  certainty,  10  the 
strongest  line.  Wave-lengths  were  compared  with  Rowland's  meas- 
ures of  the  solar  spectrum.  Of  the  three  hundred  and  sixty-three 
flash  lines,  two  hundred  and  sixty-nine  were  identified  with  lines 
on  Rowland's  map.  Although  we  cannot  directly  compare  the  inten- 
sities of  the  bright  lines  of  the  flash  (scale  o-io),  with  those  of  the 
dark  lines  given  in  Rowland's  tables  (scale  1-1,000),  we  can  arrive 
at  certain  theoretical  considerations  if  we  compare  the  average  in- 
tensities for  the  different  elements,  i.  c, 

Flash  intensities 

Solar  intensities 

and  also  the  ratios  of  the  number  of  lines  of  each  element  identified 
to  the  whole  number  of  solar  lines  for  that  metal.  Forming  these 
ratios  and  arranging  them,  we  are  at  once  struck  with  the  systematic 
variations,  not  only  in  the  ratio  of  intensities,  but  also  in  the  per  cent, 
of  lines  identified.  The  meaning  of  these  systematic  differences  will 
be  understood  if  we  consider  these  ratios  in  combination  with  the 
atomic  weights  of  the  various  elements,  as  in  the  following  table, 
where  also  is  put  down  the  number  of  the  lines  in  the  flash  due  to 
each  metal. 

Group  I. — Lines   Strhng  in   Fl.^sh  .\nd  in   Solar   Spectrum. 


Element. 


Na 
Mg 
Al 
Ca 


Atomic 
Weight. 


23.0 

243 
27.1 
40.0 


Number 
of  Lines. 


Intensity  Flash. 


Intensity  Solar  Lines, 


0.10 
0-34 


Lines  Identified. 


Total  Number  of  Lines. 


i.oo 
0.38 


Group  II. — Lines  Strong  in  Flash,  Weak  in  Solar  Spectrum. 


Atomic 
Weight. 

Number 
of    Lines. 

Intensity  Flash. 

Lines  Identified. 

Element. 

Intensity  Solar  Lines. 

Total  Number  of  Lines. 

Sc 

44.1 

6 

0.86 

0.75 

Ti 

48.1 

62 

0.67 

0.70 

V 

51-2 

15 

0.49 

0.68 

Cr 

52-1 

38 

0.56 

0.64 

Mn 

55-1 

27 

0.25 

0.48 

Sr 

87.6 

1.08 

0.67 

Y 

88.7 

2 

0.50 

0.67 

Zr 

90.6 

8 

0.27 

0.62 
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Group  III. — Lines  Weak  in  Flash,  Strong  in  Solar  Spectrum. 


Element. 

Atomic 
Weight. 

Number 
of    Lines. 

Intensity  Flash. 

Lines  Identified. 

Intensity  Solar  Lines. 

Total  Number  of  Lines. 

Fe 
Ni 
Co 

56.0 

58.7 
59-0 

125 
9 
6 

0.23 
0.32 
0.19 

0.32 
0.28 
0.29 

These  lines  naturally  fall  into  three  groups,  as  given  in  the  above 
table. 

To  these  may  be  also  be  added  the  following  lines: 

La,  atomic  weight,   138.5 3  lines 

Ba,        "  "  137    1  line 

Ln,        "  "  65    1  line 

In  Group  I  would  also  fall  Al  if  we  consider  the  relative  intensities 
of  the  two  lines  A  3944.160  and  A  3961.674;  and  undoubtedly  Na  if 
our  plate  took  in  the  D  lines.  The  remarkable  variation  of  the  rela- 
tive intensities  in  the  flash  and  Fraunhofer  spectra,  as  Evershed  has 
pointed  out,  is  undoubtedly  due  to  the  heights  to  which  the  vapors 
of  the  different  metals  ascend  in  the  chromosphere.  A  gas  with  an 
intrinsic  brightness  i  and  a  layer  one  hundred  miles  in  thickness, 
would  give  a  photographic  line  in  the  flash  spectrum  just  as 
bright  as  a  gas  of  intrinsic  brightness  100  and  only  i  mile  thick, 
if  the  sun  and  moon  were  relatively  at  rest  during  the  period  of 
the  flash ;  but  considering  the  gradual  advance  of  the  moon  in 
covering  successive  layers  of  the  sun's  atmosphere,  we  see  that 
in  the  emission  spectrum  the  flash  line  of  the  fainter  gas  would 
be  many  times  more  intense  than  that  of  the  brighter.  The  absorp- 
tion lines  of  the  two  gases  would  be  very  nearly  the  same.  The 
extent  of  the  metallic  vapors  of  the  sun's  surface  probably  varies 
inversely  proportional  to  their  atomic  weights. 

In  consideration  of  these  facts,  it  seems  altogether  likely  that  the 
gases  of  the  metals  of  Group  II  extend  very  high,  and  are  nowhere 
very  much  condensed.  The  flash  lines  are  to  be  regarded  as  true 
reversals  of  the  corresponding  solar  lines.  The  metals  of  Groups  I 
and  III  are  somewhat  denser  near  the  sun's  surface  and  do  not  ex- 
tend so  high  as  those  of  Group  II,  but  as  it  is  the  upper  portions  that 
contribute  most  to  the  formation  of  the  emission  lines,  the  flash  lines 
are  to  be  regarded  as  only  partial  reversals  of  the  Fraunhofer  lines, 
the  solar  intensities  being  greater  than  the  flash  intensities.  Most  of 
the  strongest  lines  in  the  solar  spectrum  have  been  found  in  the  flash ; 
and  this,  taken  in  connection  with  the  meaning  of  the  differences  of 
intensities,  leads  us  further  to  renew  our  faith  in  the  existence  of  the 
'reversing  layer.' 
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THE  TOTAL  SOLAR  ECLIPSE  OF  MAY  18,  1901. 

BY  C.  D.  PERRINE. 

The  expenses  of  an  expedition  to  Padang,  Sumatra,  from  the  Lick 
Observatory,  to  secure  observations  of  this  eclipse,  were  defrayed 
by  Mr.  WilHam  H.  Crocker,  of  San  Francisco.  EcHpse  day  dawned 
with  light  clouds  covering  the  sky.  But  little  change  occurred  dur- 
ing the  morning.  At  the  time  of  first  contact,  the  sun  shone  through 
a  rift  in  the  clouds.  At  the  beginning  of  totality  all  parts  of  the  sky 
near  the  sun  were  covered  with  light  cirrus  clouds  and  haze.  The 
inner  corona  only  and  Mercury  and  Venus  could  be  seen  during  the 
early  part  of  totality.  The  clouds  became  very  much  heavier  towards 
the  end  of  totality.  The  time  of  beginning  and  ending  of  totality 
was  three  or  four  seconds  later  than  the  time  of  these  phases  com- 
puted from  data  given  in  the  American  Ephemeris,  but  the  uncer- 
tainty of  longitudes  in  Sumatra  may  account  for  nearly  if  not  all  of 
this.  Twelve  photographs  of  varying  exposures  were  secured  with 
a  camera  of  forty  feet  focal  length.  These  show  the  inner  corona 
and  prominences  as  well,  probably,  as  if  the  sky  had  been  free  from 
clouds.  The  longest  exposure,  one  of  150  seconds,  shows  the  stream- 
ers to  a  distance  of  one  and  one-third  diameters  from  the  limb — more 
than  could  be  seen  with  the  unaided  eye.  A  number  of  small  promi- 
nences are  visible  on  the  east  limb  of  the  sun.  One  of  these  at  posi- 
tion-angle 115°  is  covered  with  a  series  of  coronal  hoods  or  envel- 
opes. Attention  is  called  to  a  remarkable  disturbance  in  the  corona 
in  the  northeast  quadrant.  At  a  position-angle  of  about  65°  there 
is  a  small  compact  prominence,  over  which  there  is  a  disturbed  area 
resembling  roughly  an  inverted  cone.  From  the  apparent  apex  of 
this  area  a  number  of  irregular  streamers  and  masses  of  matter 
radiate  as  if  thrown  out  by  an  explosion.  I  am  not  aware  that  a  dis- 
turbance of  this  kind  has  been  observed  before  in  the  corona  proper. 
Eight  photographs  were  secured  with  the  Floyd  telescope  of  seventy 
inches  focal  length.  These  negatives  show  the  same  extensions  of 
corona  as  those  taken  with  the  forty-foot  camera.  Twelve  negatives 
were  secured  of  six  regions  on  either  side  of  the  sun  in  the  direction 
of  his  equator  for  the  purpose  of  detecting  any  planets  existing 
there.  These  negatives  were  obtained  with  lenses  of  three  inches 
aperture  and  1 1  feet  4  inches  focal  length.*  A  preliminary  examina- 
tion of  these  negatives  was  made  at  the  station  and  92  stars  of  mag- 


*Two  of  the  four  lenses  used  in  Sumatra  were  kindly  loaned  for  the 
purpose  by  Professor  E.  C.  Pickering,  Director  of  the  Harvard  College 
Observator}'. 
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nitude  8.6  to  8.8  were  found  in  three  of  the  regions.  The  plates 
taken  during  the  latter  part  of  totality  show  no  star  images,  owing  to 
the  increased  cloudiness.  A  negative  with  long  exposure  was  se- 
cured with  each  of  two  spectrographs,  one  having  the  slit  tangential, 
the  other  radial.  The  principal  Fraunhofer  lines  are  shown  in  the 
outer  corona  in  both,  none,  however,  being  observable  in  the  extreme 
inner  corona.  Ten  negatives  were  secured  with  a  camera  of  twenty- 
one  inches  focal  length,  having  a  double-image  prism  placed  in  front 
of  the  objective.  The  two  images  given  by  such  a  prism  and  camera 
furnish  a  means  of  detecting  by  dififerential  methods  any  considerable 
polarization  in  the  corona.  The  axis  of  the  prism  was  set  at  several 
dififerent  position  angles  between  the  sun's  equator  and  his  poles.  In 
this  way  all  parts  of  the  corona  were  tested.  The  negatives  secured 
show  a  large  percentage  of  polarization  in  the  outer  corona  and  a 
slight  amount  in  the  inner  corona.  The  two  spectrographs  and  the 
polarigraph  were  designed  and  prepared  for  use  by  Director  Camp- 
bell and  Assistant  Astronomer  W.  H.  Wright. 

The  great  southern  comet  was  a  conspicuous  object  in  the  evening 
sky  for  several  days  and  was  visible  without  aid  for  more  than  a 
week.  Photographs  of  it  with  a  portrait  lens  were  secured  on  May 
6.  The  exposures  were  necessarily  short,  but  show  3°  or  4°  tail. 
A  faint  streamer  is  also  shown  to  the  south,  making  an  angle  of 
about  35°  with  the  principal  tail.  A  number  of  large  copies,  on 
glass,  of  the  eclipse  photographs,  as  well  as  lantern  slides,  were  shown 
at  the  meeting. 

A  MARTIAN  CLOUD. 

BY  PERCIVAI,  LOWELL. 

This  paper  gave  an  account  of  two  projections  seen  upon  the  ter- 
minator of  Mars  by  Mr.  A.  E.  Douglass  at  the  Lowell  Observatory 
on  December  7  and  8,  igoo;  the  observations  which  gave  rise  to  the 
popular  impression  last  year  of  signals  from  Mars.  Calculation 
showed  them  to  belong  to  dififerent  parts  of  the  planet  and  to  have 
moved  during  the  time  they  were  under  observation.  Furthermore, 
the  motion  in  each  case  was  approximately  the  same — nearly  due 
west  in  each  case.  Neither  of  them  reappeared  on  any  succeeding 
night.  They  thus  showed  themselves  to  be  not  illuminated  mountain 
tops,  but  sunset  clouds  floating  in  the  planet's  atmosphere. 
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PRELIMINARY  STATEMENT  OF  RESULTS  OF  INTERNA- 
TIONAL MAGNETIC  OBSERVATIONS  MADE 
DURING  THE  TOTAL  SOLAR  ECLIPSE 
OF  MAY  17-18,  1901. 

BY  L.  A.  BAUER. 

To  test  further  the  results  obtained  by  the  United  States  Coast  and 
Geodetic  Survey  magnetic  parties  during  the  total  solar  eclipse  of 
May  28,  1900,  regarding  a  slight  magnetic  effect  that  may  be  at- 
tributable directly  to  some  change  produced  in  the  electrification  of 
the  upper  atmospheric  strata  by  the  abstraction  of  the  sun's  rays, 
due  to  the  interp>osition  of  the  moon  between  the  sun  and  the  earth, 
an  appeal  was  made  for  international  co-operation  in  magnetic  and 
allied  observations  during  the  recent  total  eclipse.  The  repetition 
of  the  observations  was  doubly  interesting  owing  to  the  fact  that  the 
present  eclipse  occurred  in  the  opposite  magnetic  hemisphere  to  that 
of  last  year,  and  hence  the  opportunity  was  afforded  for  ascertaining 
whether  the  magnetic  effect  was  reversed  in  its  general  character 
to  that  of  last  year  as  is,  for  example,  the  case  with  the  diurnal  varia- 
tion in  passing  from  one  magnetic  hemisphere  to  the  other.  The  con- 
ditions, however,  for  obtaining  observations  at  a  number  of  stations 
distributed  along  the  belt  of  totality,  as  was  done  last  year,  and  thus 
testing  whether  the  magnetic  effect  again  followed  directly  in  the 
wake  of  the  shadow  cone,  were  not  favorable  owing  to  the  present 
location  of  the  belt  of  totality.  In  response  to  the  appeal,  simulta- 
neous magnetic  observations  were  made  on  May  17  from  14  to  21 
o'clock,  Greenwich  mean  astronomical  time — an  interval  amply 
covering  the  time  of  the  eclipse — at  a  number  of  stations  encircling 
the  entire  globe,  three  of  which  were  in  the  belt  of  totality.  The 
prime  purpose  of  making  the  observations  so  as  to  cover  the  entire 
globe  was  to  furnish  the  possibility  of  separating  a  possible  eclipse 
magnetic  effect  from  a  contemporaneous  magnetic  storm  of  the 
usual  tvpe.  The  eclipse  effect,  for  instance,  doubtless  would  be  con- 
fined to  a  very  small  belt,  whereas  a  customary  magnetic  storm,  in 
conformity  with  the  usual  experience,  would  manifest  itself  at  prac- 
tically the  same  moment  of  time  over  a  very  large  area,  and  thus 
be  felt  at  stations  far  from  the  totality  belt.  At  none  of  the  outside 
stations  has  a  disturbance  of  any  appreciable  size  been  thus  far  re- 
ported to  me,  the  general  consensus  of  opinion  of  observers  at  these 
stations  being  that  'nothing  unusual  occurred.'  At  the  three  stations 
within  the  belt  of  totality  the  majority  of  the  opinions  is  that  some- 
thing unusual  did  occur  during  the  time  of  the  eclipse.     Thus  at 
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Karang  Sago,  where  was  situated  the  Dutch  eclipse  party,  Dr.  W. 
van  Bermelen,  assistant  director  of  the  Batavia  Magnetic  Observa- 
tory, observed  the  change  in  the  magnetic  decHnation  and  horizontal 
intensity,  and  he  reports  the  occurrence  of  'an  extremely  interesting 
magnetic  efifect.'  He  has  courteously  sent  me  an  extract  of  his  ob- 
servations made  during  several  days  before  and  on  the  day  of  the 
eclipse,  and  there  certainly  appears  evidence  of  a  magnetic  effect  in 
both  elements  different  from  that  observed  on  the  days  prior  to  the 
eclipse.  At  Sawah  Loento,  the  site  of  the  Massachusetts  Institute 
of  Technology  party,  of  Boston,  the  variations  in  magnetic  declina- 
tion were  observed  by  Mr.  G.  L.  Hosmer  on  May  17  and  18.  Com- 
paring the  two  days'  results  for  the  interval  of  the  eclipse,  there  is 
indisputable  proof  that  something  different  occurred  on  the  day  of 
the  eclipse  than  on  the  day  before.  Namely,  at  this  station,  situated 
so  close  to  the  magnetic  equator  the  range  of  the  diurnal  variation 
of  the  magnetic  declination  is  about  one  minute  of  arc.  The  mag- 
netic effect  during  the  time  of  the  eclipse  was  of  about  the  same 
amount,  so  that  a  steady  decrease  of  east  declination  resulted  during 
the  time  of  day  when  normally  there  is  a  steady  increase.  There  was 
but  one  magnetic  observatory  directly  within  the  belt,  viz.,  the  one 
at  Mauritius  and  this  was  situated  not  far  from  the  place  of  begin- 
ning of  the  eclipse.  No  special  magnetic  observations  were  made 
at  this  place ;  however,  the  regular  photographic  curves  giving  the 
variations  in  the  magnetic  elements  were  obtained.  The  declination 
and  the  vertical  intensity  curves  apparently  do  not  show  any  distur- 
bance that  could  easily  be  picked  out  and  referred  to  the  eclipse.  Re- 
garding the  horizontal  intensity  curve — the  more  sensitive  one — 
Mr.  Claxton  states  'that  the  original  curve  shows  slight  tremors  be- 
tween 7.15  and  7.50  and  occasionally  between  8.5  and  9.0  a.  m.'  I 
have  plotted  this  intensity  curve  on  a  large  scale  and  find  that  the 
curve  shows  no  very  marked  disturbance  that  might  be  readily  refer- 
red to  the  eclipse,  with  the  exception  of  one  producing  an  easily 
perceptible  bulge  in  the  curve  amounting  to  about  3-4  units  in  the 
fifth  decimal  c.g.s.  units  and  lasting  about  thirty  minutes.  Anyway 
the  eft'ect,  if  there  be  one,  is  very  minute,  and  will  not  be  so  readily 
separated  from  the  usual  diurnal  variation  as  in  the  case  of  the  two 
previous  stations.  Whether  this  is  due  to  the  fact  that  owing  to  the 
vicinity  of  Mauritius  to  the  beginning  of  the  eclipse,  the  minute 
eclipse  magnetic  storm  did  not  have  time  to  develop  itself  or  was 
just  in  the  embryonic  state,  cannot  be  said.  The  magnetic  effect 
observed  at  Karang  Sago  and  at  Sawah  Loento  does  not  appear  to 
have  extended  very  far  outside  of  the  belt  of  totality,  it  being  scarcely 
appreciable  at  the  Batavia  Magnetic  Observatory.    My  grateful  and 
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appreciative  acknowledgments  are  due  to  all  who  have  participated 
in  this  interesting  investigation — one  to  my  mind  of  fundamental 
importance  to  the  theory  of  the  diurnal  variation  of  the  earth's  mag- 
netism as  elaborated  by  Schuster  and  von  Bezold. 


MERIDIAN  CIRCLE  POSITIONS  OF  NOVA  PERSEI. 

BY  R.  H.  TUCKER. 

Meridian  circle  positions  were  obtained  on  eight  evenings  in  Feb- 
ruary and  March,  and  on  four  evenings  in  November.  The  dififer- 
ence  in  the  right  ascensions  resulting  from  the  two  series  of  observa- 
tions is  0.05  seconds.  The  star  was  more  than  four  magnitudes 
brighter  at  the  time  of  the  iirst  series  than  at  the  second.  Making 
allowance  for  the  magnitude  equation,  the  difference  between  the 
right  ascensions  for  the  two  series  reduces  to  o.oi  seconds.  The  dec- 
linations in  the  two  series  differ  by  0.05".  It  is  therefore  evident  that 
these  observations  indicate  a  very  small  parallax  and  proper  motion. 
The  large  proper  motion  recently  reported  by  a  European  astrono- 
mer is  not  confirmed. 

ON  THE  PARALLAX  OF  NOVA  PERSEI. 

BY  F.  L.  CH.\SE. 

This  paper  was  based  upon  observations  made  with  the  Yale  helio- 
meter,  the  first  set  in  February  and  March,  the  second  in  July  and 
August  and  a  third  in  December.  The  result  derived  for  the  paral- 
lax confirmed  the  value  found  from  the  first  two  sets  alone,  in  which 
the  proper  motion  could  not  be  taken  into  account,  which  value  was 
published  in  a  paper  presented  at  the  Denver  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science  last  August.  This 
value  was  practically  zero  relative  to  the  mean  parallax  of  the  two 
comparison  stars  employed,  stars  of  about  the  eighth  magnitude.  In 
conclusion  the  author  remarked  that,  considering  its  probable  error, 
the  value  found  was  not  incompatible  with  that  required  by  the 
hypothesis  advanced  by  Wolf  and  others,  viz.,  that  the  apparent  dis- 
placements in  the  nebula  surrounding  the  Nova  represent  a  velocity 
corresponding  with  that  of  an  electric  wave. 
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NOTE  ON  THE  PARALLAX  OF  NOVA  PERSEI. 

BY  R.  G.  AITKEN. 

An  attempt  was  made  to  determine  the  parallax  of  Nova  Persei 
from  the  micrometric  measures  of  six  faint  stars  near  it.  The  first 
set  of  measures  was  obtained,  under  very  unfavorable  conditions, 
shortly  after  the  appearance  of  the  Nova,  and  a  second  set  on  two 
nights  in  the  latter  part  of  July.  The  resulting  values  of  the  rela- 
tive parallax  were  all  negative,  so  that  no  conclusion  can  be  drawn, 
unless,  possibly,  that  the  parallax  of  Nova  Persei  is  very  small.  No 
account  was  or  could  be  taken  of  possible  proper  motion. 

THE  ENERGY  OF  CONDENSATION  OF  STELLAR  BODIES. 

BY  R.   S.   WOODWAJ^D. 

This  paper  considers  the  density,  pressure  and  energy  of  condensa- 
tion from  a  state  of  infinite  diffusion,  of  a  spherical  stellar  body  in 
which  Laplace's  law  of  density  holds.  Denoting  the  potential,  den- 
sity, and  pressure  at  a  distance  r  from  the  center  of  such  a  mass  by  V, 
p  and  p,  respectively,  the  problem  is  stated  in  three  equations,  namely : 

-^'    +  4^krp  =  o, 
dp  ■=  cpdp  =  pdV, 

wherein  k  is  the  gravitation  constant  and  c  is  the  constant  connect- 
ing density  and  pressure  in  Laplace's  celebrated  hypothesis.  Assum- 
ing the  density  to  vanish  at  a  distance  r  from  the  center  of  such  a 
body,  it  turns  out  that  V,  p  and  p  are  given  by  the  following  formulas, 
in  which  pc  and  pc  are  the  central  density  and  pressure,  respectively, 
and  M  is  the  mass  of  the  star: 

a   z=  ir/ro,  q    =  sin  ar/{ar), 

pc  =  M7r/(4ro'),  /-=  =  M-'k^/iW), 

ro  />  =  P'Q- 

The  energ)'  of  condensation  of  such  a  mass  is  found  to  be 

H—r  =  H  Fro, 

where  P  is  the  force  of  attraction  between  M  and  an  equal  mass  of 
infinitesimal  volume  situated  at  a  distance  r^  from  the  center  of  M. 
It  will  be  observed  that  the  results  here  given  require  no  hypothesis 
as  to  the  temperature  of  such  bodies. 
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OPTICAL  DISTORTION  OF  PHOTOGRAPHIC 
TELESCOPES. 

BY   HAROLD  JACOBY. 

The  observations  discussed  in  the  present  paper  form  part  of  a 
more  extended  series  undertaken  in  the  year  1895,  having  for  its 
principal  object  a  study  of  the  optical  distortion  of  astronomical 
photographic  objectives.  A  question  had  been  raised  as  to  the  fidelity 
with  which  photographic  telescopes  reproduce  upon  the  negative 
exact  relative  positions  of  the  stars  as  they  appear  on  the  sky.  This 
matter  is  fundamental  to  the  art  of  astronomical  photography 
throughout  the  entire  range  of  its  more  important  applications  to 
stellar  parallax,  interstellar  motion  within  the  close  clusters,  and  star 
charting  in  general ;  so  that  the  large  amount  of  labor  involved  even 
in  its  partial  elucidation  does  not  appear  to  be  superfluous.  Valuable 
co-operation  in  the  work  has  been  granted  with  ready  kindness  by 
several  astronomers ;  and  with  their  aid  the  special  problem  under 
investigation  has  been  solved  in  a  fairly  satisfactory  manner. 

This  special  problem  may  be  thus  stated :  Is  the  scale-value  of  an 
astronomical  photograph  absolutely  independent  of  the  direction  of 
measurement  on  the  negative?  In  other  words,  if  we  determine  the 
co-ordinates  of  star-images  on  the  plate  in  millimeters  with  refer- 
ence to  a  pair  of  rectangular  axes,  the  question  is :  Will  a  distance 
of  one  millimeter  measured  from  the  center  of  the  plate  along  the 
X-axis  correspond  to  precisely  the  same  number  of  seconds  of  arc  on 
the  sky  as  a  distance  of  one  millimeter  measured  from  the  same 
center  along  the  Y-axis  ?  The  matter  may  be  put  in  still  another  way. 
Suppose  there  were  upon  the  sky  a  number  of  stars  so  situated  as  to 
form  a  small  but  perfectly  exact  circle.  Would  a  photograph  show 
these  stars  situated  upon  a  similar  exact  circle  on  the  negative,  or 
would  defects  of  the  object  glass  distort  their  position  into  an  ellipse- 
like oval,  after  the  manner  of  atmospheric  refraction?  If  this  is  the 
case,  equal  diameters  of  the  circle  on  the  sky  will  become  unequal 
diameters  of  the  oval  on  the  plate ;  and,  in  general,  equal  distances 
upon  the  sky  expressed  in  seconds  of  arc  will  become  unequal  dis- 
tances upon  the  plate  expressed  in  millimeters,  even  after  correction 
for  all  known  sources  of  difference,  such  as  refraction,  aberration, 
etc. 

Various  investigations  of  optical  distortion  have  been  published 
by  Donner,  Turner  and  others ;  but  they  were  all  made  by  methods 
necessitating  a  knowledge  of  relative  star  positions  based  on  meas- 
ures other  than  photographic.    To  avoid  this  inherent  difficulty,  the 
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writer  suggested  in  1893  a  process  in  which  it  is  not  essential  to  have 
a  precise  previous  knowledge  of  relative  star  positions.  It  is  thus 
rendered  entirely  unnecessary  either  to  make  a  laborious  and  time- 
consuming  heliometer  triangulation,  or  resort  to  comparatively  inac- 
curate star-places,  such  as  those  obtained  with  meridian  instruments. 
Proper  motion,  also,  which  necessitates  new  heliometric  triangula- 
tions  made  very  near  the  date  of  the  photographic  observations,  is 
altogether  eliminated  in  the  use  of  this  method. 

It  is  merely  necessary  to  arrange  the  telescope  so  that  it  can  be 
rotated  around  its  optical  axis,  or  some  other  axis,  parallel  to  its 
optical  axis.  Suppose  two  photographs  of  a  group  of  stars  have  been 
made  with  such  a  telescope,  rotated  90°  between  the  two  exposures. 
If,  then,  the  object  glass  possesses  the  peculiarity  of  making  all  the 
Y-coordinates  too  large  in  the  first  exposure,  the  same  peculiarity 
will  show  itself  in  the  second  exposure  by  making  all  the  X- 
coordinates  correspondingly  too  large.  Thus  it  is  sufficient  to 
make  a  series  of  negatives  of  the  same  star-group,  rotating  the  instru- 
ment through  various  angles  between  the  exposures,  when  a  simple 
comparison  will  surely  bring  to  light  any  form  of  optical  distortion 
depending  on  the  direction  of  measurement  upon  the  plate. 

The  process  is  a  purely  differential  one,  and  requires  only  a 
roughly  approximate  knowledge  of  the  absolute  star-positions,  suffi- 
cient for  the  computation  of  refraction  corrections,  etc.  It  can  be 
applied  to  an  equatorial  telescope  of  the  ordinary  form  if  we  photo- 
graph the  region  immediately  surrounding  the  pole  of  the  heavens. 
In  that  case,  the  polar  axis  of  the  equatorial  becomes  a  suitable  axis 
for  rotating  the  telescope,  since  the  polar  axis  is  parallel  to  the  optical 
axis,  when  the  tube  is  pointed  at  the  pole.  It  is  obvious  that  a  trial 
of  this  method  will  furnish  not  only  a  determination  of  optical  dis- 
tortion but  will  yield  also,  as  a  sort  of  by-product,  a  photographic 
catalogue  of  the  close  polar  stars.  For  this  reason  it  seemed  desir- 
able to  include  in  the  work  a  set  of  plates  of  the  south  pole  as  well 
as  the  north.  In  this  way  we  should  obtain  very  precise  catalogues  of 
both  sets  of  close  polar  stars,  all  reduced  and  computed  according  to 
a  uniform  method. 

In  1895  the  writer  was  visiting  at  the  Cape  of  Good  Hope  Obser- 
vatory, and  discussed  the  matter  with  Sir  David  Gill.  The  plan  met 
with  his  approval,  and  he  consented  gladly  to  make  the  necessary 
south  polar  plates.  With  equal  readiness.  Dr.  Anders  Donner,  of 
the  Helsingfors  Observatory,  offered  to  make  the  north  polar  plates. 
These  latter  negatives  were  measured  at  Columbia  University  by 
Mrs.  Herman  S.  Davis  and  Mrs.  Annie  Maclear  Jacoby :  the  meas- 
ures were  reduced  at  Vassar  College  by  Miss  C.  E.  Furness ;  and 
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they  were  published  by  the  Vassar  College  Observatory.  The  south 
polar  plates  were  similarly  measured  and  reduced  at  Columbia  by 
Misses  F.  E.  Harpham,  Mary  Tarbox,  Eudora  Magill  and  H.  L. 
Davis,  and  the  results  will  soon  be  published  by  the  Observatory  of 
Columbia  University.  The  researches  for  both  poles  agree  in  show- 
ing that  the  optical  distortion  depending  on  direction  of  measurement 
is  too  small  to  be  detected  with  certainty  even  by  the  delicate  differ- 
ential method  here  described. 

THE  CONSTANT  OF  ABERRATION. 

BY   C.   L.  DOOI.ITTI.E. 

For  some  time  a  revision  of  the  latitude  work  carried  on  at  the 
Sayre  Observatory,  Bethlehem,  Pa.,  from  1876  to  1895,  has  been  in 
progress  with  the  view  to  its  publication  in  a  complete  and  final  form. 
The  first  fasciculous  of  this  publication  appeared  in  the  spring  of 
1901  and  it  is  hoped  that  the  remainder  may  be  in  form  for  the 
printer  in  the  course  of  two  or  three  months. 

The  present  communication  deals  primarily  with  the  value  of  the 
constant  of  aberration  resulting  from  the  series  of  observations  ex- 
tending from  October  10,  1892,  to  December  27,  1893.  A  prelimin- 
ary solution  of  the  problem  was  published  in  the  Astronomical  Jour- 
nal, No.  406,  1897,  which  may  be  consulted  for  a  fuller  statement  as 
to  the  method  employed.  The  micrometer  screw  had  become  much 
worn  by  constant  use  for  several  years  and  the  value  was  not  con- 
stant throughout  the  series.  Also  the  progressive  errors  which  had 
been  previously  determined  by  means  of  Harkness'  measuring  en- 
gine were  no  longer  applicable.  It  seemed  very  desirable  that  the 
screw  value  should  be  derived  from  the  latitude  observations  them- 
selves, but  at  the  time  spoken  of  the  star  declinations  were  not  known 
with  the  requisite  precision.  For  these  reasons  there  was  some  hesi- 
tation as  to  the  desirability  of  publishing  the  preliminary  result,  as 
it  was  thought  possible  that  a  considerable  error  might  be  involved. 
Recently  a  very  careful  discussion  of  the  declinations  has  furnished 
the  required  data,  and  a  result  obtained  which  seems  entirely  free 
from  the  above  named  objections. 

From  the  method  of  observing  it  is  not  possible  to  separate  the 
correction  to  the  aberration  constant  from  the  latitude  variation 
without  introducing  an  assumption  with  respect  to  one  or  the  other. 
It  has  accordingly  been  assumed  that  the  latitude  variation  can  be 
represented  by  two  periodic  terms  of  14  and  12  months,  respectively. 
Each  observed  latitude,  therefore,  gives  an  equation  of  this  form. 

X  sin  AT  -f  y  cos  iV  +  r  sin  O  -f  «  cos  O  +  -Ep  4"  T'm  -(-  ^0  4-  ^o  =  '^ 
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where  N  is  the  14-month  term,  Ep  the  correction  to  the  aberration 
and  Tfji  the  secular  change  in  the  latitude. 

The  evening  and  morning  observations  furnish  1,744  and  1,052 
equations  of  this  form,  respectively.  These  were  solved  retaining 
all  terms.  Then  another  solution  was  made  excluding  the  annual 
term,  as  it  is  obvious  that  this  can  not  be  separated  from  the  14- 
month  term  in  a  series  embracing  a  period  of  less  than  16  months. 
The  resulting  value  of  the  constant  of  aberration  from  both  the  pre- 
liminary and  revised  solution  is  as  follows : 

Preliminary.  Revised   Solution. 

1st    solution,         2o".SS2  ±  .0095  2o".5Si  ±  .0092 

2d    solution,         20  .555  ±  .0093  20  .552  ±  .0090 

It  thus  appears  that  the  suspected  error  in  the  preliminary  reduc- 
tion was  a  vanishing  quantity. 

Two  other  series  of  observations  made  at  the  Sayre  Observatory 
have  been  employed  for  a  similar  investigation.  The  first,  from  De- 
cember I,  1889,  to  December  13,  1890,  embracing  1,344  latitude  de- 
terminations, was  treated  in  a  manner  similar  to  that  above  described 
except  that  only  one  solution  was  made  involving  periodic  term  of 
14  months.  The  resulting  aberration  constant  is  2o".448  —  .014.  It 
is  doubtful  whether  this  result  is  entitled  to  much  confidence,  the  most 
serious  objection  being  that  the  series  does  not  cover  a  full  term  of 
14  months,  which  is  assumed  for  the  period  of  latitude  variation. 
The  other  series  referred  to  extends  from  January  19,  1894,  to  Aug- 
ust 19,  1895,  the  arrangement  being  that  sometimes  called  the  poly- 
gon method  by  which  the  aberration  is  obtained  independently  of  the 
latitude  variation.  The  result  is  20". 537.  Other  recent  determina- 
tions are  given  for  comparison  : 

Flower  Observatory. 

1896-98  2o".s8o 

1898-99  20.542 

1900-01   20  .560 

/.  W.  I.  A.  Stein,  Leiden — Zenith  Telescope. 
1899-1900    2o".S4l  ±  .016 

Albrecht — International  Latitude. 

20".SIS 

Chandler  from  Pond's  Observations. 
1823-36  2o".5i2  ±  .019 
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THE  PERIOD  OF  DELTA  EQUULEL 

BY  \V.  J.  HUSSEY. 

Delta  Equulei  enjoys  the  distinction  of  having  a  period  shorter  by 
nearly  half  than  that  of  any  other  visual  double  star  and  in  being  at 
the  same  time  a  spectroscopic  binary.  The  latter  characteristic  is 
due  to  the  visible  components.  It  therefore  forms  a  connection  be- 
tween the  visual  and  spectroscopic  double  stars.  This  pair  was  dis- 
covered in  1852  by  Otto  Struve  and  observed  by  him  occasionally 
for  thirty  years.  Burnham's  observations  from  1880  to  1883, 
inclusive  appeared  to  indicate  a  period  of  10.8  years ;  the 
elements  subsequently  derived  by  Wroublewsky  and  by  See 
gave  nearly  11.5  years.  Between  1899.85  and  1900.65  the  com- 
ponents rapidly  approached  each  other  and  the  apparent  distance  was 
extremely  small  at  the  latter  date.  This  rapid  change  in  distance  is 
not  explainable  on  the  hypothesis  that  the  period  is  nearly  11.5  years, 
but  is  entirely  in  accord  with  one  of  about  half  this  length.  The  ele- 
ments derived  by  the  writer  a  year  ago  have  a  period  of  5.7  years. 
From  these  elements  he  predicted  that  the  components  should  sepa- 
rate to  a  measurable  distance  this  year  and  again  close  in.  Obser- 
vations show  that  this  has  happened.  In  July,  1901,  the  distance  was 
approximately  o".i5.  It  has  now  decreased  to  less  than  o".05,  or 
approximately  the  same  as  in  the  autumn  of  1900.  The  data  at 
present  available  appear  to  show  that  the  period  of  5.7  years  is  sub- 
stantially correct. 

THE  DURATION  OF  TWILIGHT  WITHIN  THE  TROPICS. 

BY  S.  I.  B.\ILEY. 

The  atmosphere  renders  many  services  to  man.  Not  the  least  of 
these,  perljaps,  is  the  twilight.  If  there  were  no  atmosphere,  there 
would  be  no  twilight,  and  the  brightness  of  midday  would  be  suc- 
ceeded, the  moment  after  sunset,  by  the  darkness  of  midnight. 
Such  a  condition  of  affairs  would  cause  considerable  inconvenience. 
Twilight  may  be  said  to  last  until  the  last  bit  of  illuminated  sky 
disappears  from  the  western  horizon.  In  general  it  has  been  found 
that  this  occurs  when  the  sun  has  sunk  about  18°  below  the  horizon. 
The  duration  of  time  which  the  sun  takes  in  reaching  this  position 
is  very  different  at  different  latitudes.  At  the  North  Pole  one  would 
have  about  six  months  of  daylight,  followed  by  nearly  two  months  of 
decreasing  twilight,  followed  in  turn  by  more  than  two  months  of 
night.    In  summer,  at  latitudes  greater  than  50°,  twilight  lasts  from 
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sunset  to  sunrise.     There  is  no  night  there,  during  this  season.     In 
the  temperate  zones  the  duration  of  twiHght  ranges  from  an  hour  and 
a  half  to  more  than  two  hours.    Within  the  tropics  the  sun  descends 
nearly  or  quite  vertically ;  but  even  here  the  time  required  for  the 
sun  to  reach  a  point  18°  below  the  horizon  is  more  than  an  hour. 
There  seems  to  be  no  reason,  therefore,  in  the  general  theory,  for  the 
widespread  belief  that  the  duration  of  the  tropical  twilight  is  ex- 
tremely brief.    This  idea  is  found  not  only  in  current  popular  litera- 
ture, but  also  in  some  of  the  best  text-books  on  general  astronomy. 
Young's  General  Astronomy,  p.  69,  says :     "At  Quito  and  Lima  it 
(the  twilight)  is  said  to  last  not  more  than  twenty  minutes."    Why 
Quito  should  be  classed  with  Lima  I  do  not  know,  except  that  both 
are  within  the  tropics.    The  Heavens  Above,  by  Gilbert  and  Rolfe, 
remarks :     "Within  the  tropics,  where  the  air  is  pure  and  dry,  twi- 
light sometimes  lasts  only  fifteen  minutes."     Since  Arequipa,  Peru, 
lies  within  the  tropics  and  has  an  elevation  of  8,000  feet,  and  the  air 
is  especially  pure  and  dry,  the  conditions  appear  to  be  exceptionally 
favorable  for  an  extremely  short  twilight.     On  Sunday,  June  25, 
1899,  the  following  observations  were  made  at  the  Harvard  Astro- 
nomical Station,  which  is  situated  there:     The  sun  disappeared  at 
5:30  p.  m.,  local  mean  time.    At  6:00  p.  m.,  30  m.  after  sunset,  I 
could  read  ordinary  print  with  perfect  ease.     At  6:30  p.  m.  I  could 
see  the  time  readily  by  an  ordinary  watch.    At  6 140  p.  m.,  70  m.  after 
sunset,  the  illuminted  western  sky  was  still  bright  enough  to  cast  a 
faint  shadow  of  an  opaque  body  on  a  white  surface.    At  6:50  p.  m. 
the  illumination  was  faint,  and  at  6:55  p.  m.,  i  h.  and  25  m.  after 
sunset,  it  had  disappeared.     On  August  27,  1899,  the  following  ob- 
servations were  made  at  Vincocaya.     The  latitude  of  this  place  is 
about  16°  south,  and  the  altitude  14,360  feet.    Here  it  was  possible 
to  read  coarse  print  47  m.  after  sunset,  and  twilight  could  be  seen 
for  an  hour  and  twelve  minutes  after  the  sun's  disappearance.     It 
appears,   therefore,   that   while   the    tropical    twilight   is    somewhat 
shorter  than  occurs  elsewhere,  and  is  still  further  lessened  by  favor- 
able conditions,  such  as  great  altitude,  and  a  specially  pure  air,  it  is 
never  less,  and  generally  much  longer,  than  an  hour. 
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THE  DETERMINATION  OF  DOUBLE  STAR  ORBITS. 

BY  GEORGE  C.  COMSTOCK. 

The  usual  data  for  the  determination  of  a  double  star  orbit  consist 
of  a  series  of  observed  position  angles  and  distances  with  the  cor- 
responding times  of  observation.  From  these  data  it  is  customary  to 
derive  the  apparent  orbit  of  the  star  by  plotting  the  observed  coordi- 
nates and  drawing  through  the  resulting  points  the  best  ellipse  that 
can  be  fitted  to  them,  subject  to  the  condition  that  in  this  ellipse  the 
radius  vector  must  sweep  over  equal  areas  in  equal  times.  The  au- 
thor knows  no  published  statement  showing  how  this  condition  is 
applied  in  the  actual  construction  of  the  ellipse  and  it  is  not  apparent 
how  it  can  be  applied  in  any  satisfactory  manner  in  this  purely 
graphical  process.  Moreover,  the  process  is  open  to  the  additional 
objection  that  it  takes  small  account  of  the  circumstance  that  of  the 
three  elements  entering  into  a  complete  double  star  observation,  po- 
sition angle,  distance  and  epoch,  the  time  of  observation  is  deter- 
mined with  a  precision  incomparably  superior  to  that  of  the  measured 
coordinates,  and  should  therefore  play  a  prominent  part  in  the  de- 
termination of  the  orbit  instead  of  the  subordinate  role  commonly 
assigned  it.  The  method  proposed  for  improving  the  current  practice 
in  these  respects  reverts  to  the  practice  introduced  by  Sir  John  Her- 
schel,  of  plotting  the  observed  position  angles  with  the  corresponding 
times  as  abscissa,  and  extends  the  same  practice  to  the  observed 
distances.  From  the  resulting  curves  data  are  derived  for  assumed 
epochs,  and  through  a  least  square  adjustment  supplemented  by  me- 
chanical quadratures  are  transformed  into  normal  places  that  satisfy 
rigorously  the  condition  of  constant  areal  velocity.  A  partial  control 
upon  the  character  of  the  data  and  the  treatment  to  which  they  have 
been  subjected  is  furnished  by  the  quasi  rigorous  condition  that  the 
adjusted  normal  places  shall  all  lie  upon  some  ellipse.  In  the  adjust- 
ment of  the  data  there  is  incidentally  determined  the  areal  velocity  of 
the  radius  vector  and  this  in  connection  with  the  apparent  orbit,  plot- 
ted from  the  normal  places,  leads  immediately  to  a  determination  of 
the  periodic  time  and  to  the  independent  determination  of  the  dates 
of  periastron  and  apastron  passage.  The  agreement  of  the  double 
interval  between  these  dates  with  the  periodic  time  first  determined 
furnishes  a  partial  check  upon  the  work.  The  transition  from  the 
apparent  to  the  real  orbit  may  be  made  by  any  of  the  standard 
methods,  but  that  of  Klinkerfues  when  simplified  by  the  introduc- 
tion of  the  elements  above  derived  is  especially  convenient.  There 
was  presented  an  application  of  the  method  above  outlined  to  the  de- 
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termination  of  the  orbit  2  2107,  showing  that  the  labor  involved  does 
not  greatly  exceed  that  of  the  ordinary  methods  and  is  fully  com- 
pensated by  the  checks  furnished  en  route  as  well  as  by  the  increased 
precision  of  the  results. 

A  COSMIC  CYCLE. 

BY  FRANK   W.   VERY. 

An  application  of  a  new  doctrine  of  an  explosive  condition  of  mat- 
ter (limited  by  composition,  pressure  and  temperature)  to  various 
phenomena  of  the  heavenly  bodies,  and  to  stellar  evolution.  Novse 
are  regarded  as  the  culmination  of  long-enduring  antecedent  stages 
of  stellar  preparation,  and  as  indicating  (along  with  the  helium  stars) 
a  condition  of  instability  and  active  modification  which  is  incom- 
patible with  planetary  growth,  but  which  is  followed  by  other  rela- 
tively quiescent  stages  favorable  to  the  production  of  planets  and  to 
their  orderly  development.  An  extension  of  the  doctrine  of  the 
conservation  of  energy  is  involved,  and  the  problem  of  the  susten- 
tation  of  solar  heat  is  approached  from  a  new  standpoint  which  ad- 
mits of  a  great  extension  in  the  duration  of  the  solar  system,  thus 
satisfying  the  demands  of  the  geologist  for  a  prolonged  terrestrial 
duration. 

A  COMPARISON  OF  PRINTING  AND  RECORDING 
CHRONOGRAPHS. 

BY  C.  S.  HOWE. 

A  printing  chronograph,  to  be  of  any  value  to  astronomers,  should 
be  easily  set  and  regulated ;  it  should  run  several  hours  without  any 
attention  ;  it  should  have  a  small  probable  error ;  its  results  should 
agree,  or  differ  by  a  constant  amount  each  night,  with  the  results 
from  the  recording  chronograph.  Several  months'  experience  with 
the  Hough  printing  chronograph  at  the  Case  Observatory  shows 
that  the  instrument  can  be  easily  set  and  adjusted  and  that  it  runs 
several  hours  without  any  attention.  The  probable  error  of  one 
record  was  found  to  be  ±  .011  seconds,  and  the  probable  error  of 
the  mean  of  nine  wires  ±  .004  seconds.  Similar  tests  with  the  re- 
cording chronograph  give  respectively  ±  .006  and  ±  .022  seconds. 
These  errors  are  so  small  that  they  can  be  neglected.  A  direct  com- 
parison of  the  two  chronographs  showed  an  average  difference  be- 
tween them  of  .025  seconds,  the  printing  chronograph  making  the 
record  first. 
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THE  CLOCK  ROOM  OF  THE  CASE  OBSER\'ATORY. 

BY  C.  S.  HOWE  AND  E.  H.  BROWN. 

The  clock  room  is  a  room  built  of  tile  within  one  of  the  rooms  of 
the  basement  of  the  Physical  Laboratory.  The  basement  is  warmed 
in  the  daytime,  but  not  at  night.  The  space  outside  the  clock  room 
is  warmed  by  two  gas  stoves,  the  gas  being  turned  on  or  off  b)'  an 
automatic  burner  which  is  regulated  by  a  thermostat  made  of  steel 
and  hard  rubber.  This  controls  the  temperature  outside  the  clock 
room  within  one  degree  centigrade  and  inside  the  clock  room  within 
about  one-half  degree.  The  inside  temperature  is  further  controlled 
by  another  thermostat,  which  by  means  of  a  relay  throws  in  or 
out  one  or  more  electric  lamps,  the  heat  of  which  changes  the  tem- 
perature. This  arrangement  keeps  the  temperature  within  one  tenth 
of  a  degree.  The  hourly  rates  of  a  Riefler  clock,  enclosed  in  a  glass 
case  from  which  the  air  is  partially  exhausted,  were  also  given. 


THE   ALMUCANTAR   AS    AN    INSTRUMENT   FOR    THE 
DETER^HNATION  OF  TIME. 

BY  C.   S.  HOWE. 

In  1885  Dr.  Chandler  compared  the  clock  corrections  determined 
with  a  small  almucantar  with  those  determined  with  the  large  Tran- 
sit Circle  of  the  Harvard  Observatory.  The  Case  Almucantar  is  a 
large  instrument  with  a  six-inch  object  glass.  It  was  not  possible  to 
compare  it  with  a  large  transit  and  so  its  value  for  the  determination 
of  time  could  only  be  determined  by  the  consistency  of  the  several 
results  obtained  on  any  one  night  and  by  the  excellent  and  nearly 
uniform  clock  rates  determined  by  it.  The  differences  between  the 
several  values  of  the  clock  correction  on  any  one  night  were  usually 
not  more  than  two  or  three  hundredths  of  a  second  and  the  greatest 
difference  since  June,  1901,  was  0.13  of  a  second. 

A  DESCRIPTION  OF  THE  SECOND  (CHILE)  MILLS 
SPECTROGRAPH. 

r.Y  W.   W.  C.\MPBELL. 

The  mechanical  features  of  the  instrument  and  its  method  of  sup- 
port are  radically  different  from  those  of  the  conventional  spectro- 
graphs. The  entire  frame-work  is  composed  of  a  single  steel  casting 
with  webs  and  flanges  bracing  it  thoroughlv  in  everv  direction  and 
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with  especial  reference  to  the  supports  near  its  two  ends.  The  sHt, 
the  prism  box,  the  camera  and  the  colHmator  and  camera  lenses  are 
all  fixed  directly  to  the  casting.  A  reflecting  slit  is  used,  curved  to 
make  the  spectrum  lines  straight.  The  weight  of  the  entire  spectro- 
graph is  about  seventy-five  pounds.  The  instrument  is  mounted  in 
a  supporting  cradle  composed  of  tee  and  channel  steel  bars  in  such 
a  way  that  it  will  rest  on  two  points  (a  plane  and  a  ring)  near  the 
two  ends  of  th^  instrument,  respectively.  Strains  in  the  supporting 
cradle  cannot  induce  strains  in  the  spectrograph.  The  old  method  of 
supporting  spectrographs  entirely  from  one  end,  allowing  the  other 
end  to  project  unsupported  out  into  space,  invites  flexure  effects,  and 
it  is  hoped  that  the  new  method  of  support  will  prove  to  be  a  radi- 
cal improvement.  The  whole  spectrograph  will  be  moved  to  bring 
the  slit  into  the  focus  of  the  Cassegrain  telescope.  A  temperature 
case  similar  to  the  one  used  for  the  past  three  years  on  the  original 
Mills  spectrograph  will  enclose  the  instrument. 

ON  THE  CAPTURE  OF  COMETS  BY  JUPITER. 

BY  PERCIVAL  LOWELL. 

This  paper  gave  in  diagrams  a  part  of  the  author's  memoir  on  the 
subject,  not  yet  published,  in  which  he  explained  the  action  of  Jupiter 
upon  a  comet  entering  the  planet's  sphere  of  activity,  and  the  re- 
lation borne  by  the  direction  and  the  speed  of  approach  to  the  comet's 
subsequent  behavior.  The  paper  showed  that  Jupiter  was  not  only 
capable  of  transforming  at  one  encounter  a  parabolic  comet  into  an 
elliptic  one  of  about  half  his  own  major  axis,  but  could  actually  cause 
a  comet  to  make  the  planet  instead  of  the  sun  the  goal  of  its  visit, 
and  send  it  back  again  into  space  without  circumnavigating  the  sun 
at  all.  The  argument  then  developed  a  critical  angle  differentiating 
those  comets  which  Jupiter's  action  might  render  retrograde  from 
such  as  it  could  not.  A  table  here  showed  that  the  angle  of  approach 
of  each  of  the  comets  composing  Jupiter's  comet  family  not  only  at 
the  present  moment  fell  within  the  critical  angle  for  each,  but  must 
do  so  for  all  time,  abstraction  made  of  perturbations  by  other  bodies 
and  the  approximation  being  of  the  first  order.  In  other  words,  that 
under  these  conditions  the  present  direct  motion  of  all  the  members  of 
Jupiter's  comet  family  was  such  in  perpetuity.  The  planet  might 
drive  them  off  into  space  but  could  never  render  any  of  them 
retrograde.  ; 
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THE  LATITUDE-VARIATION    OBSERVATORY    OF    THE 
INTERNATIONAL  GEODETIC  ASSOCIATION. 

BY  HERMAN  S.  DAVIS. 

A  brief  statement  of  the  plan  of  the  International  Association  in 
the  establishment  of  the  four  stations  at  Gaithersburg,  Maryland, 
Ukiah,  California,  and  in  Japan  and  Sardinia  for  a  systematic  and 
continuous  series  of  observations  for  the  study  of  variations  of  lati- 
tude. Particular  attention  was  given  to  the  two  stations  in  the 
United  States  under  the  general  direction  of  the  Coast  and  Geodetic 
Survey,  the  one  in  charge  of  Dr.  Schlesinger,  at  Ukiah,  and  the  other 
in  charge  of  the  speaker,  at  Gaithersburg.  Illustrations  with  the 
lantern  were  shown  of  both  these  stations  with  plans  of  the  build- 
ings and  views  of  the  telescope  at  Gaithersburg.  Attention  was 
called  to  the  admirable  quality  of  the  observations  made  by  Mr. 
Edwin  Smith,  who  was  in  charge  of  the  station  at  Gaithersburg 
prior  to  January,  1901,  and  entire  credit  given  him  for  the  erection 
of  the  buildings  and  installation  of  the  instruments  at  this  station, 
and  to  the  active  and  enthusiastic  support  of  the  superintendent  of 
the  Coast  Survey  from  the  very  inception  of  the  plan  to  establish 
these  stations  in  the  United  States. 

SOME  VICES  AND  DEVICES  IN  ASTRONOMICAL 
COMPUTATIONS. 

BY    HERMAN    S.    D.WIS. 

Owing  to  the  briefness  of  the  time  requested  for  the  presentation 
of  this  paper  and  the  fact  that  a  considerable  portion  of  that  time 
was  devoted  to  the  preceding  paper  which  was  presented  by  request — 
not  being  regularly  on  the  program — the  speaker  gave  only  a  meager 
description  of  some  of  the  methods  which  he  is  now  using  in  the  new 
reduction  of  the  160,000  star-observations  made  by  Piazzi  at  Palermo 
between  1792  and  1813.  Particular  attention  was  directed  to  only 
one  of  the  many  devices  which  have  been  applied  for  shortening  the 
computations  whereby  already  the  work  is  two  years  ahead  of  the 
schedule  outlined  at  the  beginning  of  the  undertaking,  that  device 
being  the  use  of  specially  constructed  tables  of  limiting-values  in- 
stead of  such  logarithm  or  antilogarithm  or  other  tables  as  appear  in 
print.  Illustrations  of  these  special  tables  and  their  application  and 
data  as  to  the  percentage  of  time  saved  by  their  use  were  also  given. 
Another  one  of  the  devices  has  already  been  published  in  Astroiioiiii- 
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cat  Journal,  No.  498  (XXI  :i43-4),  and  a  number  of  others,  of  wliich 
mention  was  omitted  for  lack  of  time  and  the  lantern  slides  which 
had  been  designed  (but  unexpectedly  delayed)  for  their  proper  expo- 
sition will  be  put  into  print  at  some  future  date. 


OBSERVATIONS  OF  METEORS,  NOVEMBER   13-16,   1901. 

BY  J.   K.  REES. 

As  in  previous  years,  I  observed  with  Mr.  Charles  A.  Post  from 
his  observatory  at  Bayport,  Long  Island.  We  arranged  (i)  to  pho- 
tograph meteor  trails  with  four  cameras  mounted  on  the  equatorial 
which  was  driven  by  an  excellent  clock,  (2)  to  count  the  meteors  and 
(3)  to  record  individual  meteors  which  exhibited  striking  peculiari- 
ties. 

I.  The  equatorial  and  cameras  employed  are  shown  in  Plate  II, 
Popular  Astronomy,  February,  1901. 

The  apertures  and  focal  lengths  are  given  in  the  following  table : 


Instrument. 

Aperture. 

Focal  length. 

Equatorial  telescope. 

Willard  photographic  doublet. 

Darlot  portrait. 

Anthony  portrait. 

Goerz  wide  angle  double  anastigmatic. 

6    inches. 

5'/2       " 

3        " 

90    inches. 

23        " 

6!^    " 

13/2    " 

9/2    " 

PHOTOGRAPHIC   EXPOSURES. 

Nov.  13.  12:00  to  18:00  (Eastern  Standard  Time).  A  number  of  experi- 
mental plates  were  taken  but  no  effort  was  made  to  photograph  meteors,  as 
few  were  seen. 

Nov.  14.  11:20  to  12:24.  Exposed  the  Goerz  lens  pointed  at  the  belt 
of  Orion.  13:15  to  14:05.  Exposed  all  the  cameras  as  follows:  Willard  and 
Anthony  lenses  at  Procyon,  Goerz  lens  at  belt  of  Orion,  and  Darlot  lens  at  ^ 
and  £  Leonis.  At  15:00  the  sky  clouded  but  cleared  again  at  15:30.  15:42 
to  16:30  all  cameras  were  exposed.  The  Willard  and  Anthony  on  c  Leonis, 
the  Goerz  on  f,  «,  S  Hydras,  and  the  Darlot  on  Ursa  Major. 

The  clouds  began  to  spread  over  the  sky  again,  and  in  a  short 
time  it  was  impossible  to  see  a  star,  later  it  cleared.  Observers  then 
confined  their  attention  to  counting  and  observing  the  meteors. 

Nov.  15.  11:45  to  13:00.  Exposed  all  cameras.  Willard  and  Anthony 
lenses  on  Pollux,  Goerz  lens  on  Procyon,  and  Darlot  lens  on  7  Geminorum. 
14:35  to  15:45.  Exposed  all  cameras.  Willard  and  Anthony  on  f  Leonis, 
Goerz  on  Regulus,  and  Darlot  on  X  and  ^  Leonis  Minoris.  Clock  did  not 
work  as  well  as  usual.  16:01  to  17:00.  Willard  lens  was  omitted.  The  other 
cameras  were  pointed  as  in  the  preceding  exposure. 
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Mr.  Post  developed  all  the  plates.  The  plates  on  November  14 
show  a  number  of  trails.  Quite  a  remarkable  meteor  trail  is  shown 
on  the  plates  taken  with  the  Willard  and  the  Anthony  lenses  between 
15:42  and  16:30.  The  notes  given  under  'Record  of  Individual 
Meteors'  seem  to  show  that  this  meteor  appeared  at  1 5 :58. 

2.  Count  of  Meteors. 

Only  during  the  night  of  November  14  was  any  careful  attempt 
made  to  count.  Miss  Edith  Post  and  Miss  Greenough  observed  the 
eastern  sky  looking  toward  the  radiant.  At  first  both  observed  the 
same  part  of  the  sky,  but  after  thirty-eight  had  been  counted  Miss 
Greenough  obser^'ed  the  southeastern  sky  from  the  line  from  the 
radiant  to  the  zenith,  and  Miss  Post  observed  the  northeastern  sky 
from  the  same  line.    The  count  was  as  follows: 

Nov.  14.  12:15  to  13:40.  Miss  Post  and  Miss  Greenough,  38;  Miss  Post 
— northeastern  sky,  31  ;  Miss  Greenough — southeastern  sky,  31.  13:4010  14:20. 
Messrs.  Post  and  Rees  looking  out  of  the  opening  in  the  roof  of  the  Observa- 
tory toward  the  radiant,  20.  14:20  to  15:00.  Miss  Post — northeastern  sky, 
10;  Miss  Greenough,  southeastern  sky,  15.  15:50  to  17:55.  The  Misses  Post 
and  Greenough  counted  being  assisted  from  16:30  to  17:55  by  Post  and  Rees. 
The  total  count  of  the  four  observers  was  273.     Total  for  the  evening,  418. 

Nov.  IS.  Post  and  Rees  assisted  by  Mr.  Post's  'handy  man'  counted,  while 
engaged  on  the  photographic  work  and  looking  out  of  the  observatory 
opening,  as  follows:  11:45  to  13:00.  25,  several  of  which  were  non-Leonids. 
14:35  to  15:45.  3  of  which  I  non-Leonid.  16:01  to  17:00.  23,  several 
non-Leonids. 

Nov.  16.  12:00  to  17:00.  Looked  out  frequently  but  saw  so  few  that  no 
record  was  kept. 

3.  Individual  Meteors. 

Nov.  14.  11:30.  Two  bright  Leonids — trails  yellow-red  10°  long — width 
very  distinct.  11:51.  Leonid  from  Procyon  to  0  Orionis — blue  streak.  12:07. 
From  star  above  Procyon  to  'yardstick' — trail  25°  long — lasted  several  sec- 
onds— yellow — Leonid.  12:10.  Leonid  through  Ursa  Major — bright 
trail.  12:15.  Leonid  through  Ursa  Major.  12:17.  Leonid  through 
Auriga.  13:18.  Brilliant  Leonid,  near  radiant — very  small  trail — 
through  Auriga.  13:18.  Brilliant  Leonid,  near  radiant — very  small  trail — 
orange  color — bright  as  Mars  at  best.  13 :27.  Fine  Leonid  from  Leo  to 
zenith — ^trail  30°  long — yellow-red.  13  :30.  Leonid  through  Ursa  Major — 
fine.  13 :40.  Meteor  near  Procyon — from  zenith  down — short  trail.  13 :44. 
Fine  Leonid  through  bowl  of  dipper — trail  5°.  13:51.  Leonid  under  Procyon 
— 8°  trail — yellow-red.  15:58.  Brilliant  Leonid — trail  5°— lasted  twenty  sec- 
onds— blue-white — ist  magnitude.  16:04.  Leonid  under  Procyon^blue-white 
— 10°  trail.  17:28.  Two  brilliant  meteors  visible  at  same  time — trails  crossed 
— brilliant  heads.  One  came  from  radiant  and  passed  near  a  and  P  Can. 
Ven. — ^trail  30°  long  and  lasted  several  seconds.    The  second  seemed  to  come 
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from  below  ^  Leonis  and  cut  the  tail  of  the  first  under  Canes  Venatici — 
trail  30°.     Magnitude  of  each — 2. 

Nov.  15.  14:52.  Bright  Leonid  under  Leo  Minor.  15:37.  Leonid  bright 
as  Jupiter — in  sickle — blue  and  red  trail.  About  15:55.  Fire  ball  below  Leo 
came  from  Orion.  16:10.  From  zenith  through  Leo  Minor  (X  and  /i) — long 
train  40°.  About  17:00.  The  zodiacal  light  showed  itself  in  a  grandly  beau- 
tiful manner. 


A  THEOREM  CONCERNING  THE  METHOD  OF 
LEAST  SQUARES. 

BY   HAROLD  JACOBY. 

The  following  theorem  and  conclusion  are  doubtless  well  known 
to  many  astronomers,  but  the  writer  has  not  found  an  explicit  state- 
ment of  thein  in  print.  Let  there  be  given  two  series  of  observation 
equations  as  follows : 

Ojjtr  -f  fciji  -|-  Ci2  +   . . .  -|-  Hi  =  o  I 

OiX   -1-    fcjjl   -f   C2S  -j-     .  .  .    +   H2   =   o  V  (l) 

Oi^tr  ■}-  biy  -\-  CiZ  -\-  ...-)-  piw  -[-...  -\-  n-i  —  o  | 

GiX  -\-  hiy  -{-  cis  +  . . .  +  p2isj  -|-   . . .  4-  "2  =  o  (  (2) 

the  equations  being  identical  in  the  two  series  except  for  the  addition 
of  one  or  more  new  unknowns,  w, .  .  .  in  (2).  Let  each  series  of 
equations  be  solved  by  the  method  of  least  squares,  and  let  {zrv]i  be 
the  sum  of  the  squares  of  the  residuals  resulting  from  the  solution  of 
equations  (i),  [w]-.  he  the  sum  of  the  squares  of  the  residuals  re- 
sulting from  the  solution  of  equations  (2)  ;  then,  no  matter  what  may 
be  the  law  of  the  coefficients  pi,  p^,  ■  ■  ■  ,  and  even  if  these  coeffi- 
cients are  assigned  at  random,  [z'v]^  is  always  larger  than  [wjo- 

Corollary. — The  theorem  can  be  extended  easily  to  an  additional 
case  of  equal  importance.  Instead  of  introducing  the  new  unknowns 
zv,  .  .  .  ,  by  adding  them  to  those  already  occurring  in  equations 
(i),  we  may  select  out  certain  equations  from  the  series  (i),  and 
simply  substitute  new  unknowns,  like  z(j,  for  old  ones,  like  z,  leaving 
the  coefficients  unchanged. 

Conclusion. — The  method  of  least  squares  is  used  ordinarily  to 
adjust  series  of  observation  equations  so  as  to  obtain  the  inost  proba- 
ble values  of  the  unknowns.  But  there  is  a  subtler  and  perhaps  more 
important  use  of  the  method ;  when  it  is  employed  to  decide  which  of 
two  hypothetical  theories  has  the  greater  probability  of  really  being  a 
law  of  nature ;  or  to  decide  between  two  methods  of  reducing  obser- 
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vations.  Cases  abound  in  astronomy  where  the  method  of  least 
squares  is  used  for  this  purpose.  It  has  been  so  employed,  for  in- 
stance, to  decide  whether  stellar  parallax  observations  should  be  re- 
duced with  equations  involving  terms  depending  on  atmospheric  dis- 
persion, and  terms  depending  on  the  hour-angle,  to  ascertain  whether 
portable  transit  observations  should  be  reduced  on  the  supposition  of 
a  change  of  azimuth  on  reversal  of  the  instrument  (an  application  of 
the  corollary),  etc. 

In  such  cases,  astronomers  not  infrequently  give  preference  to  the 
solution  which  brings  out  the  smallest  value  of  [tf] ,  the  sum  of  the 
squared  residuals.  But  in  the  light  of  the  above  theorem,  it  becomes 
clear  that  the  mere  diminution  of  \zx'\  alone  is  insufficient  to  decide 
between  two  solutions,  when  one  involves  more  unknowns  than  the 
other.  To  give  preference  to  the  second  solution  it  is  necessary'  that 
the  diminution  of  {zt']  be  quite  large,  and  that  the  additional  un- 
knowns possess  a  decided  a  priori  probability  of  having  a  real 
existence. 


THE  NEBULA  ABOUT  NOVA  PERSEI,  1901. 

BY   FR.\NK   W.   VERY. 

The  rapidly  shifting  and  fast  fading  nebulosity  around  the  new 
star  is  regarded  as  an  evanescent  phenomenon  comparable  to  the 
tail  of  a  comet.  \'^elocities  of  propagation  of  different  orders  are 
surmised,  but  as  there  is  no  known  motion  of  material  particles, 
even  when  of  the  dimensions  of  negative  ions,  swifter  than  that  of 
light,  the  latter  may  be  taken  as  a  limiting  value  of  velocity,  from 
which  it  is  deduced  that  the  distance  of  the  nova  can  not  exceed 
750,000,000,000,000  miles,  an  estimate  which  gives  us  a  first  ap- 
proximation to  the  distance  of  the  Milky  Way,  since  the  novae  all 
belong  to  the  galactic  stream.  An  explanation  of  the  meaning  of  the 
complex  structure  of  the  hydrogen  bands  in  the  spectrum  of  the 
nova  is  given,  and  a  further  cometary  analogy  is  shown  through 
the  existence  of  concentric  spherical  envelopes  near  the  star,  resem- 
bling coma,  which  are  inferred  from  the  structure  of  the  spectral 
bands.  From  the  spectral  variations  attending  the  formation  and 
motion  of  these  envelopes,  the  mass  of  the  star  is  concluded  to  be 
about  1,150  times  that  of  the  sun;  and  as  this  mass  does  not  appear 
to  have  been  appreciably  changed  in  the  first  month,  in  spite  of  the 
enormous  outpourings  of  hot  gases,  it  follows  that  the  luminosity  of 
the  star  is  not  conditioned  bv  the  mass  or  bv  the  state  of  the  star's 
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internal  activity ;  and  it  is  suggested  that  the  brightness  of  the  star's 
continuous  spectrum  depends  upon  the  formation  or  dissolution  of 
clouds  of  cosmic  dust  in  the  spaces  immediately  surrounding  the 


A  SHORT  AND  GENERAL  METHOD  OF  DETERMINING 
ORBITS  FROM  THREE  OBSERVATIONS. 

BY  A.  O.  LEUSCHNER. 

The  method  is  principally  intended  to  aid  in  the  rapid  determina- 
tion of  an  orbit  from  three  observations,  made  at  short  intervals. 
It  is  essentially  an  improvement  on  Harzer's  modification  of  Lap- 
lace's method  contained  in  Mccaniquc  Celeste  T.  I,  premiere  partie, 
livre  11,  Chap.  IV.  The  first  part  of  the  paper  deals  with  the  dis- 
cussion of  Harzer's  method.  The  modifications  introduced  by  the 
author  consist  in :  ( i )  The  restriction  of  the  number  of  observations 
to  three,  the  minimum  number  necessary  for  the  solution  of  the 
problem.  (2)  The  reduction  of  the  number  of  fundamental  data  to 
be  appro.ximated.  In  Harzer's  method  the  fundamental  data  to  be 
approximated  are  the  heliocentric  coordinates  and  their  velocities, 
while  in  the  present  method  they  are  the  geocentric  distance  and  the 
velocities  of  the  heliocentric  coordinates,  all  for  the  zero  date.  (3) 
A  short  method  of  obtaining  preliminary  values  of  the  geocentric 
velocities  and  accelerations  at  the  zero  date.  (4)  A  direct  solution  of 
the  fundamental  equation  of  the  seventh  degree  in  p^,  on  the  basis 
of  von  O]5polzer's  Table  Xllla  {Bahubestiiumung,  Vol.  I).  (5) 
Differential  formulae  for  the  determination  of  the  final  values  of  the 
heliocentric  coordinates  and  velocities  from  which  the  elements  are 
computed  by  Encke's  formulae.  Chief  among  the  advantages  of  the 
method  here  outlined  are  the  ease  with  which  such  corrections  to 
Po>  ^'0''  y'o't  "0'  "''^y  be  determined  as  will  cause  the  residuals  due  to 
the  original  values  of  these  quantities  to  disappear,  and  the  possibility 
of  determining  these  corrections  directly  from  the  residuals.  On 
that  account,  it  is  of  no  great  consequence  if  the  originally  adopted 
velocities  and  accelerations  in  a  and  8  are  only  approximate. 
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ELEMENTS  OF  ASTEROID  1900  GA  AND  ITS  EPHEMERIS 
FOR  THE  OPPOSITION  OF  1901-1902. 

BY  A.  O.  LEUSCHNER  AND  ADELAIDE  M.   HOBE. 

This  asteroid  was  discovered  June  28,  1900,  by  the  late  director, 
James  E.  Keeler,  of  Lick  Observatory,  while  photographing  the 
region  of  the  sky  near  Saturn  with  the  Crossley  Reflector.  Trails 
were  photographed  on  four  days  and  point-images  on  two  of  these 
days.  The  problem  of  determining  the  orbit  of  the  asteroid  presents 
many  points  of  interest  and  has  led  to  the  derivation  of  the  'Short 
and  General  Method  of  Determining  Orbits  from  Three  Observa- 
tions.' The  existing  methods  for  determining  orbits  could  not  be 
used  to  advantage  in  this  case,  but  the  solution  was  successfully 
accomplished  by  means  of  the  'Short  and  General  Method  of  Deter- 
mining Orbits  from  Three  Observations'  outlined  above.  The  mag- 
nitude of  the  asteroid  at  the  present  opposition  (1902,  Jan.  4)  is 
19.5  ±  .75.  The  asteroid  is,  therefore,  the  faintest  so  far  observed. 
The  paper  concludes  with  the  discussion  of  the  residuals  of  the  meas- 
ured positions  of  the  termini  of  the  trails  relatively  to  the  middle  of 
the  trails. 


DISCOVERY  OF  MOTION  IN  THE  FAINT  NEBULA  SUR- 
ROUNDING NOVA  PERSEI. 

BY  C.  D.  PERRINE. 

Early  in  the  apparition  of  the  new  star  in  Perseus,  short  exposure 
photographs  of  it  were  secured  with  the  Crossley  Reflector  by 
Messrs.  H.  K.  Palmer  and  C.  G.  Dall.  The  first  long  exposure  was 
secured  on  the  nights  of  November  7  and  8.  This  negative  had  a 
total  exposure  of  7  h.  19  m.  It  was  developed  on  the  9th,  but  owing 
to  stormy  weather  was  not  dry  and  was  not  carefully  examined  until 
the  morning  of  the  loth,  when  it  was  compared  with  the  reproduction 
of  a  negative  taken  at  the  Yerkes  Observatory  on  September  20  by 
Mr.  Ritchey  and  published  in  the  October  number  of  the  Astrophysi- 
cal  Jounia!,  and  the  discovery  at  once  made  that  several  of  the  princi- 
pal condensations  in  the  nebula  had  moved  to  the  southeast  over  a  min- 
ute of  arc  in  the  interval.  The  main  facts  w-ere  embodied  in  a  telegram 
which  was  sent  to  the  Harvard  College  Observatory,  for  distribution 
to  all  observatories,  at  noon  of  November  10.  A  negative  was  ob- 
tained on  the  nights  of  November  12  and  13  with  a  total  exposure 
of  ten  hours.    A  more  rapid  plate  was  used  than  on  November  7  and 
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8  and  with  the  longer  exposure  considerably  more  detail  is  shown. 
An  exposure  of  5  h.  28  m.  was  obtained  on  the  night  of  December  4. 
As  a  storm  came  on,  this  plate  was  developed  the  following  day. 
Considerable  detail  was  shown  on  the  negative  and  three  of  the  con- 
densations were  seen  to  have  moved  appreciably,  while  the  strong 
one  nearest  the  Nova  showed  but  little  if  any  change.  An  exposure 
of  ten  hours  was  secured  on  the  nights  of  December  8  and  11,  the 
9th  and  loth  being  cloudy.  The  motion  of  the  nebula  is  so  rapid 
that  even  in  this  interval  of  three  days,  blurring  in  the  best-marked 
condensation  is  noticeable.  A  comparison  of  the  last  negative  with 
that  of  November  12  and  13  reveals  a  number  of  changes.  Conden- 
sations A,  B  and  C  (Lick  Observatory  Bulletin,  No.  10)  have  each 
continued  their  motions  to  the  southeast  full  3/^'.  Condensation  D 
shows  little  or  no  change.  Perhaps  it  is  moving  nearly  in  line  of 
sight.  The  negatives  of  December  4  and  8-1 1  show  two  new  wisps 
of  nebulosity  southwest  of  the  Nova  at  distances  of  13'  and  14', 
respectively.  They  are  approximately  arcs  of  circles  of  which  Nova 
is  the  center  and  are  about  2'  in  length.  They  have  been  carefully 
looked  for  on  the  November  negatives,  but  no  traces  are  there  found 
of  them.  Throughout  the  entire  southeast  quadrant  faint  nebulosity 
is  shown  to  a  distance  of  18'  on  the  negative  of  December  8-1 1. 
There  is  but  little  appearance  of  structure  in  this  outlying  nebulosity. 
Several  wisps  of  nebulosity  6'  to  the  north  of  Nova  are  sufficiently 
strong  to  show  that  motions  outward  of  %'  to  y^'  have  taken  place 
in  the  interval  of  twenty-seven  days.  A  wisp  9'  to  the  north  has 
also  moved  outward  full  yi'.  Six  minutes  to  the  northwest  of  Nova 
is  a  wisp  which  has  moved  outward  %'.  None  of  these  wisps  to  the 
north  and  northwest  are  well  enough  defined  lengthwise  to  make  the 
other  component  of  motion  certain  in  the  interval.  Directly  to  the 
west  is  an  arrow-shaped  mass  of  nebulosity  resembling  some- 
what the  structure  of  condensation  A.  It  has  certainly  moved 
outward  and  there  appears  to  have  been  a  motion  to  the  north- 
west. Many  changes  of  form  and  intensity  of  masses  of  nebulo- 
sity have  been  noticed  other  than  those  referred  to  above,  but  which 
can  not  well  be  described.  A  longer  series  of  photographs  is  neces- 
sary to  deduce  the  character  and  amount  of  motion  of  these  fainter 
masses.  Lantern  slides  of  the  various  photographs  secured  with 
the  Crosslev  reflector  were  exhibited. 
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A  DETERMINATION  OF  THE  WAVE  LENGTHS  OF  THE 
BRIGHTER  NEBLXAR  LINES. 

BY   \V.    H.   WRIGHT. 

In  the  progress  of  our  investigations  upon  the  spectrum  of  Nova 
Persei  (see  Lick  Observatory  Bulletin,  No.  8)  there  arose  the  neces- 
sity for  a  more  accurate  knowledge  than  then  existed  of  the  wave 
lengths  of  the  brighter  nebular  lines.  The  spectra  of  the  Orion 
Nebula  and  of  three  of  the  brighter  planetary  nebula  have  been 
photographed  in  some  cases  with  one  prism,  and  in  other  cases  with 
three  prisms,  and  the  resulting  plates  have  been  measured  and  re- 
duced. The  wave  lengths  of  sixteen  bright  lines  have  been  deter- 
mined with  considerable  accuracy,  the  fifth  significant  figure  being 
determined  definitely  for  the  principal  ones,  and  the  uncertainty  in 
the  sixth  place  for  the  brighter  lines  being  comparatively  small.  A 
slight  correction  appears  to  be  needed  in  the  values  at  present 
accepted  for  the  positions  of  the  two  chief  nebular  lines  determined 
by  visual  means.  In  the  course  of  the  work  three  new  nebular  lines 
have  been  discovered.  The  well-known  lines  usually  described  as  He 
and  A  3727  have  been  found  to  be  double. 

A  DETERMINATION  OF  THE  CAUSE  OF  THE  DISCREP- 
ANCY BETWEEN  MEASURES  OF  SPECTROGRAMS 
MADE  WITH  VIOLET  TO  LEFT  AND  WITH 
VIOLET  TO  RIGHT. 

BY  H.  M.  RIJESE. 

In  this  paper  three  possible  causes  of  the  effect  in  question  are 
investigated:  (i)  The  curvature  of  the  spectral  lines;  (2)  the  posi- 
tion of  the  star-spectrum  in  the  middle  of  the  plate,  enclosed  by  the 
comparison-spectrum;  (3)  a  mere  subjective  tendency  to  set  the 
cross-hair  relatively  farther  to  the  right  on  a  dark  line  in  a  white 
field  than  on  a  bright  line  in  a  dark  field.  The  conclusion  is  reached 
that  the  third  cause  alone  really  operates,  or  at  least  that  neither 
the  curvature  of  the  lines  nor  the  relative  position  of  star-spectrum 
and  comparison  affect  the  case. 
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FOUR  NEW  SPECTROSCOPIC  BINARIES. 

BY  W.  W.  CAMPBELL. 

Four  stars  have  recently  been  observed  with  the  Mills  spectro- 
graph to  have  variable  velocities  in  the  line  of  sight.  These  are  c^ 
Persei,  ^  Herculis,  a  Equulei  and  0  Andromedse.  The  first  of  these 
is  an  interesting  bright-line  star.  The  second  has  a  large  radial 
velocity,  and  is  moreover  an  interesting  visual  double  star  whose 
period  is  about  thirty-three  years.  This  therefore  affords  another 
connection  between  visual  and  spectroscopic  binaries.  In  the  case 
of  the  third  star,  a  composite  spectrum  was  observed  a  few  years  ago 
by  Miss  Maury  at  Harvard  College  Observatory.  Thirty-two  spec- 
troscopic binaries  discovered  with  the  Mills  spectrograph  in  the  past 
three  years  had  previously  been  announced,  thus  bringing  the  number 
up  to  thirty-six.  On  the  list  of  suspected  binaries  are  fourteen  stars, 
awaiting  confirmation.  Before  the  discovery  of  these  binaries,  three 
had  been  found  in  the  same  list  of  stars  by  Belopolsky,  making  about 
forty  spectroscopic  binaries  in  three  hundred  and  twenty-five  stars 
observed.  The  proportion  is  therefore  one  spectroscopic  binary  for 
every  eight  stars  observed.  The  variable  velocity  of  our  sun,  due  to 
its  revolving  planets,  has  a  double  amplitude  of  only  a  few  hun- 
dredths of  a  kilometer.  As  the  work  progresses  and  the  degree  of 
accuracy  attainable  increases,  we  shall  probably  find  that  there  is  a 
regular  gradation  of  double  amplitudes  from  that  of  our  sun  up  to 
those  of  the  spectroscopic  binaries  already  discovered,  and  it  is  pos- 
sible that  the  star  that  is  not  a  spectroscopic  binary  will  prove  to  be 
the  rare  exception.  This  field  of  investigation  is  one  of  extreme 
richness. 


DISCOVERY  OF  FIVE  HUNDRED  NEW  DOUBLE  STARS. 

BY  W.  J.  HUSSEY. 

While  observing  the  Otto  Struve  double  stars  the  writer  dis- 
covered new  companions  to  five  of  them  and  also  picked  up  several 
new  pairs  in  the  vicinity  of  others.  This  led  to  the  notion  of  mak- 
in  an  extended  search  for  new  pairs,  which  was  begun  as  soon  as 
it  was  possible  to  do  so  without  interfering  with  the  work  in  pro- 
gress. In  the  spring  of  1899  search  was  commenced  in  a  tentative 
way  and  in  July  of  the  same  year  it  was  taken  up  regularly,  and  since 
then  has  been  conducted  in  a  systematic  manner.  While  only  a  part 
of  the  writer's  time  has  been  devoted  to  the  consideration  of  new 
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double  stars,  lie  has  now  discovered  and  measured  five  hundred  new 
pairs  having  distances  under  five  seconds.  The  work  has  been  done 
with  both  the  twelve  and  thirty-six-inch  telescopes  of  the  Lick  Ob- 
servatory. Many  close  and  difficult  pairs,  some  of  them  having  dis- 
tances less  than  a  quarter  of  a  second,  having  been  found  with  the 
smaller  instrument,  but  nearly  all  the  measures  have  been  made  with 
the  great  telescope.  The  classification  of  the  new  pairs  with  respect 
to  the  distances  between  their  components  is  as  follows: 


o" 

'.25  or  less, 

37  pairs, 

0 

.25  to  o".SO, 

96  pairs, 

0 

.51  to  I  .00, 

112  pairs. 

I 

.01  to  2  .00, 

112  pairs. 

2 

.01  to  5  .00, 

143  pairs. 

Seventy-one  per  cent,  of  the  total  number  have  distances  under 
two  seconds ;  forty-nine  per  cent,  under  one  second ;  twenty-seven  per 
cent,  under  half  a  second ;  and  seven  and  one-half  per  cent,  under 
quarter  of  a  second. 

ON  THE  DISCOVERY  OF  300  DOUBLE  STARS. 

BY  R.  G.  AITKEN. 

The  writer's  experience  in  observing  double  stars  led  him  to  con- 
clude that  it  was  desirable  to  make  a  systematic  search  for  new  pairs. 
As  a  contribution  toward  such  a  piece  of  work,  10,917  stars  brighter 
than  9.1  magnitude  have  been  examined  by  him  since  April,  1899, 
with  the  result  that  301  new  double  stars  have  been  found.  These 
all  have  distances  between  their  components  of  less  than  5".oo,  217 
or  72  per  cent,  being  closer  than  2".oo,  and  19  closer  than  o".25.  The 
search  has  been  made  mainly  with  the  twelve-inch  telescope.  The 
zones  examined  also  contain  530  stars  previously  catalogued  as 
double,  but  only  308  of  these  pairs  are  comparable  with  the  new  pairs 
with  respect  to  the  angular  separation  of  their  components.  A  new 
double  star  has  been  found  for  every  thirty-six  stars  examined  and 
one  star  in  every  eighteen  examined  is  double  within  the  adopted 
limit.  On  this  basis  it  is  estimated  that  more  than  three  thousand 
close  double  stars,  within  the  reach  of  the  telescopes  of  the  Lick 
Observatory,  still  await  discovery. 


SOCIETY  OF  AMERICA  175 

A  KINEMATIC  STUDY  OF  HANSEN'S  IDEAL 
COORDINATES. 

BY  KURT  LAVES. 

In  the  'Auseinandersetzung'  of  Hansen  the  ideal  coordinates  are 
defined  by  the  equations 

X  .  da/dt  +  y  .  d3/dt     +  Z  .  dy/dt  =  o 
X  .  da'/dt  +  Y  .  d^'/dt    +  Z  .  dy' /dt  =  o 
X  .  da"/dt  +  Y  .  dP"/dt    +  Z  .  dy"/dt  =  o 
a,  j3,y,  ...  y"  are  functions  of  the  time,  the  fixed  coordinates  x,  y,  s 
are  connected  with  the  movable  coordinates  X,  Y ,  Z  by  means  of 
the  equations 

X  —  aX  ^  ^Y  Ar  yZ 
y  —  a'X  +  /3'K  +  y'Z 
s   -  a"X  +  P"Y  +  y"Z 
Hansen  joins  to  the  conditions  (i)  the  condition: 

Z  =  o 
and  obtains  a  well-defined  system  of  ideal  coordinates.  Hansen  has 
shown  that  the  three  homogeneous  equations  ( i )  lead  to  the  follow- 
ing theorem :  "In  every  ideal  system  of  coordinates,  referred  to 
movable  axes,  the  instantaneous  axis  of  rotation  coincides  with  the 
radius  vector,  drawn  to  the  point."  It  is  the  intention  of  this  paper 
to  show  that  the  last  condition  (3)  will  give  rise  to  a  kinematic 
theorem  of  similar  import.  Indeed,  when  we  consider  the  three 
vectors,  (i)  the  vector  A  of  absolute  acceleration  of  the  point,  (2) 
the  vector  of  A^'''  of  relative  acceleration  of  the  point  and  (3)  the 
vector  A''^  of  the  acceleration  of  the  movable  system,  we  obtain  for 
their  components  along  the  fixed  axis  three  equations,  of  which  only 
one  is  written  down  : 
A^  =  A."-'  +  2  {dX/dt  .  da/dt  +  dY/dt  .  dp/dt  +  dZ  dt  .  dy/dt)  +  A  's'  (4) 

Calling  the  middle  terms  on  the  right  sides 

Rx,     Ry,     Rz 

respectively,  and  projecting  them  upon  the  movable  axis,  we  obtain 
7?^  =  —  dY/dt  .  r  +  dZ/dt  .  q 

Ry  =  —  dZ/dt.p  +  dX/dt.r  (S) 

R^  =  —  dX/dt  .  q  +  dY/dt  .  p 
p,  q,  r  having  their  usual  meaning. 

R  =  y/R7~TW+~R? 
will  therefore  be  the  moment  of 

w  =  ^p'  +  q'  +  r' 
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with  respect  to  the  point,  which  has  for  coordinates  the  quantities 

dX/dt,  dV/dt,  dZ/dt  . 

Selecting  the  position  of  the  XY  plane  to  be  that  which  coincides 
with  the  plane  of  this  moment,  we  have  two  homogeneous  equations 
of  condition,  namely, 

—  dY/dt.r  +  dZ/dt.q  =  o  (6) 

—  dZ/dt  .  p  +  dX/dt  .  r  =  o 

it  can  be  shown  that  these  are  equivalent  to  the  one  equation  Z^o. 
We  derive  therefore  the  following: 

Theorem. — The  condition  Z  =  o,  which  Hansen  imposes  upon  his 
ideal  coordinates,  means  that  he  selects  for  the  XY  plane  the  plane 
of  the  moment  of  the  vector  of  instantaneous  rotation  with  respect 
to  the  point  of  coordinates 

dX/dt,  dV/dt. 

THE  COMPUTATION  OF  LAPLACE'S  COEFFICIENTS  BY 
MEANS  OF  GYLDEN'S  y-COEFFICIENTS. 

BY  KURT  LAVES. 

In  this  paper  it  is  shown,  how  the  quantities  b'''  and  c'''  c?.n  be 
determined  by  means  of  the  definite  integrals  e/3'  tabulated  by  Gylden 
in  his  Hiilfstafeln  (after  multiplication  with  functions  of  the  argu- 
ment a).  A  comparison  is  made  with  the  table  of  Runkle,  formerly 
used  for  this  purpose. 

ASTRONOMICAL   PHOTOGRAPHY  WITH   THE   FORTY- 
INCH  REFRACTOR  AND  THE  TWO-FOOT  REFLEC- 
TOR OF  THE  YERKES  OBSERVATORY. 
{Illustrated  zvith  Lantern  Slides). 

BY  G.   W.   RITCHEY. 

The  forty-inch  refractor,  which  was  designed  for  visual  observa- 
tions, has  been  made  available  for  photography  through  the  use  of 
a  color  screen  and  isochromatic  plates.  The  greenish-yellow  screen, 
placed  in  contact  with  a  plate  sensitized  for  light  of  this  color,  per- 
mits only  those  rays  to  pass  for  which  the  object  glass  is  corrected. 
For  all  but  the  briefest  exposures  a  double-slide  plate-holder  is  em- 
ployed. By  means  of  two  screws,  which  move  the  plate  and  guiding 
eye-piece,  a  star  just  outside  the  field  being  photographed  is  kept  at 
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the  intersection  of  two  spider  lines  throughout  the  exposure.  In 
this  way  irregularities  in  the  driving  of  the  telescope,  changes  in 
refraction,  etc.,  are  corrected.  The  resulting  photographs  of  the 
moon,  Orion  nebula,  star  clusters,  etc.,  are  exceedingly  sharp,  and 
are  well  adapted  for  measurement  on  account  of  their  great  scale. 
The  two-foot  reflector,  on  account  of  its  short  focal  length  (8  feet) 
and  its  freedom  from  chromatic  aberration,  is  adapted  for  a  different 
class  of  work,  in  which  it  admirably  supplements  the  forty-inch 
refractor.  All  parts  of  this  reflector  were  constructed  at  the  Yerkes 
Observatory.  On  account  of  the  perfect  driving  of  the  clock,  per- 
manence of  collimation  of  the  large  mirror  and  freedom  from  flexure 
in  the  mounting,  photographs  of  excellent  definition  are  easily  ob- 
tained. Among  those  exhibited  were  the  Andromeda  nebula,  the 
Orion  nebula,  nebulje  in  the  Pleiades,  and  the  expanding  nebula  sur- 
rounding Nova  Persei. 

A  REMARKABLE  DISTURBANCE  OF  THE  SUN'S 
REVERSING  LAYER. 

BY  GEORGE  E.   HALE. 

A  series  of  photographs  of  the  solar  spectrum,  taken  at  the  Ken- 
wood Observatory  in  February,  1894,  shows  that  the  reversing  layer 
surrounding  a  sun-spot  was  the  scene  of  a  great  disturbance,  which 
lasted  only  a  few  minutes.  The  diameter  of  the  disturbed  area  was 
not  less  than  one-sixth  that  of  the  sun.  Over  this  entire  region  the 
dark  lines  of  the  solar  spectrum  were  for  a  short  time  so  changed  in 
appearance  as  to  be  wholly  unrecognizable.  Measurements  of  the 
photograph  show  that  nearly  all  of  these  lines  occur  in  the  normal 
solar  spectrum,  and  that  the  changed  appearance  is  due  to  great 
changes  of  relative  intensity.  Thus  numerous  lines  barely  visible 
on  Rowland's  map  were  for  a  short  time  very  intense,  while  others, 
such  as  the  aluminium  line  of  intensity  20  at  A  3961.674,  disappeared 
entirely.  Two  sharp  bright  lines  appeared  at  k  3884.67  and  A.  3896.21. 
These  were  strongest  in  the  spot  and  did  not  extend  to  the  limits  of 
the  disturbed  area.  Full  details  are  published  in  the  Astrophysical 
Journal,  Vol.  XVI,  p.  220  ct  scq. 
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THE  BRUCE  SPECTROGRAPH  OF  THE  YERKES 
OBSERVATORY. 

BY  EDWIN   B.    FROST. 

The  equipment  of  the  Yerkes  Observatory  has  been  recently  en- 
larged by  the  completion  of  a  spectrograph  designed  for  the  special 
purpose  of  the  determination  of  the  motion  of  the  stars  in  the  line 
of  sight.     The  addition  of  this  instrument  to  the  accessories  of  the 
forty-inch  telescope  was  made  possible  by  the  liberal  gift  of  $2,300 
from  jMiss  Catherine  W.  Bruce  and  $500  from  the  Rumford  Fund  of 
the  American  Academy  of  Arts  and  Sciences.    The  spectrograph  is 
very  rigidly  constructed,  chiefly  of  iron  and  steel,  and  the  prisms 
are  maintained  in  a  fixed,  invariable  position.    The  whole  instrument 
is  inclosed  in  a  large  aluminium  case  with  double  walls,  for  protec- 
tion against  changes  of  temperature.     Coils  of  wire  inside  this  case 
can  be  heated  by  the  i  lo-volt  current  of  the  observatory  mains,  and 
it  has  been  found  not  difficult  to  keep  the  temperature  of  the  air 
in  the  prism-box  within  0".i  C.  during  exposures  of  an  hour  or  more. 
A  correcting  lens  placed  one  meter  in  front  of  the  slit  makes  the 
visual  forty-inch  object-glass  efficient  for  the  violet  light   (A 4500) 
which  passes  through  the  prism-train  at  minimum  deviation.     The 
collimator  is  of  2  in.  aperture  and  38  in.  focus ;  and  two  cameras  are 
provided,  one  of  3  in.  aperture  and  24  in.  focus  and  another,  a  Zeiss 
anastigmat,  of  about  2.8  in.  aperture  and   18  in.  focus.     The  first 
three  lenses  are  of  triple  construction,  designed  by  Professor  C.  S. 
Hastings  and  made  by  Brashear.     It  has  proved  to  be  a  matter  of 
great  difficulty  to  obtain  prisms  of  the  large  size  necessary  to  trans- 
mit a  two-inch  beam   which  are   sufficiently  homogeneous.      (The 
face  of  the  largest  prism  is  133  mm.  long  and  57  mm.  high).    After 
an  unsuccessful  experience  with  a  set  of  prisms  of  what  appeared  to 
be  excellent  glass  from  Mantois,  a  quantity  of  glass  was  ordered 
from  Schott  &  Co.,  of  Jena,  which  should  be  finely  annealed  and  of 
the  quality  of  telescope  objectives,  a  requirement  which,  strangelv 
enough,  does  not  appear  to  be  customary  in  respect  to  glass  for 
prisms.     This  new  set  of  prisms  shows  considerable  improvement 
over  the  first  ones,  but  the  definition  is  still  not  the  same  over  the 
whole  surface  of  the  faces.    This  is  now  assumed  to  be  due  to  the 
moulding  of  the  prisms  in  triangular  shape  at  Jena  instead  of  melt- 
ing disks,  as  we  had  desired,  from  which  the  prisms  would  be  cut  by 
Brashear.     Although   the   spectrograph   does  not   fully   realize   the 
resolution  which  the  length  of  the  faces  of  the  prisms  would  implv, 
the  instrument  has  nevertheless  been  shown  to  be  capable  of  furnish- 
ing results  of  a  very  high  degree  of  accuracy,  as  illustrated  in  the 
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paper  by  an  example  of  a  plate  of  a  Arietis.  The  comparison  spectra 
so  far  employed  have  been  the  spark  of  titanium  and  of  iron  and 
the  helium  tube.  During  the  exposure  on  a  star  the  observer  guides 
the  telescope  by  light  reflected  from  the  speculum  slit  jaws,  which 
are  not  in  the  same  plane,  but  symmetrically  inclined  away  from  the 
line  of  collimation,  each  making  with  it  an  angle  of  92°  55'.  It  is 
also  possible,  by  merely  turning  a  mirror,  to  observe  in  the  same 
guiding  telescope  the  light  that  has  gone  through  the  slit  and  has 
been  reflected  at  the  first  surface  of  the  first  prism.  The  method  of 
measuring  and  reducing  the  plates  briefly  described  by  the  writer  at 
the  meeting  of  the  Society  in  1899  is  still  in  regular  use.  Plates  are 
measured  both  with  violet  to  right  and  with  violet  to  left  under  the 
measuring  microscope,  as  an  observer  may  have  a  large  systematic 
difference  in  his  mode  of  making  a  setting  on  the  dark  lines  of  the 
comparison  spectrum  and  the  white  lines  of  the  stellar  spectrum  (on 
the  negative).  The  writer  has  a  large  systematic  error  of  this  kind, 
which  is  reversed  in  sign  but  of  the  same  size  when  the  measures 
are  made  on  a  positive  copy  of  the  negative.  By  measuring  the 
plate  in  both  directions  this  systematic  difference  appears  to  be 
wholly  eliminated.  Each  plate  is  reduced  by  itself,  independently  of 
any  standard  plate  of  a  solar  or  metallic  spectrum,  with  the  aid  of  the 
Cornu-Hartmann  formula  in  its  simple  form,  the  'fit'  of  which  can  be 
checked  up  at  the  position  of  each  comparison  line  and  the  wave- 
lengths corrected  accordingly.  The  first  star  found  by  the  Bruce 
spectrograph  to  be  a  spectroscopic  binary  is  v  Orionis.  Four  of  the 
plates,  taken  by  Mr.  W.  S.  Adams  and  the  writer,  yield  the  following 
velocities : 

1901,  Nov.  27,  —  68   km.  per   second. 

Dec.      6,  +  13      "      " 

Dec.    18,  +  54      "      " 

Dec.    19,  —  56      "      " 

The  period  is  not  yet  determinate.  In  concluding  the  paper  the  pro- 
posal was  made  that  the  six  or  seven  observatories,  which  now  in- 
clude in  their  work  the  determination  of  stellar  velocities  in  the  line 
of  sight,  should  cooperate  in  regularly  observing  a  short  list  of  funda- 
mental velocity  stars.  The  comparison  of  the  results  obtained  for 
the  same  stars  with  the  different  spectrographs  and  different  obser- 
vers, using  different  sources  of  comparison  spectrum  and  different 
lines  of  the  stellar  spectra,  could  hardly  fail  to  be  of  great  value 
both  in  indicating  causes  of  error  in  the  separate  instruments  and  in 
establishing  with  a  high  degree  of  accuracy  the  velocities  of  these 
fundamental  stars.  (Published  in  The  Astrophysical  Journal,  Vol. 
XV,  pp.  1-27). 
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UNITED  STATES  NAVAL  OBSERVATORY  ECLIPSE  EX- 
PEDITION TO  SUMATRA. 

BY   A.    N.   SKINNER. 

ON  THE  PRESSURE  OF  LIGHT  AND  HEAT  RADIATION. 

BY  E.  F.  NICHOLS. 

THE  MASS  OF  TITAN  AND  ITS  PERTURBATIONS  OF 

HYPERION. 

BY   W.  S.  EICHELBERGER. 


FOURTH  MEETING 

The  second  winter  meeting  of  the  Astronomical  Society  was  held 
in  Washington,  D.  C,  beginning  on  Monday,  December  29,  1902, 
and  continuing  until  the  following  Thursday,  in  affiliation  with  the 
American  Association  for  the  Advancement  of  Science. 

One  Monday  afternoon  more  than  two  hundred  persons  assembled 
in  the  lecture  room  on  the  first  floor  of  the  Law  Building  of  the 
Columbian  University  to  hear  the  opening  address  by  the  President 
of  the  Society,  Professor  Simon  Newcomb. 

Three  sessions  of  the  Society  for  the  reading  of  papers  and  the 
transaction  of  business  were  held  in  the  Assembly  Hall  of  the  Cos- 
mos Club,  Tuesday,  Wednesday,  and  Thursday  afternoons.  The 
average  attendance  at  these  sessions  was  about  seventy-five. 

The  annual  dinner  was  given  at  Maison  Rancher  on  Tuesday 
evening,  with  forty-three  persons  present,  including  a  number  of 
ladies,  and,  as  guests,  His  Excellency,  the  Imperial  German  Ambas- 
sador ;  the  Assistant  Secretary  of  State ;  United  States  Senator, 
Hon.  J.  T.  Morgan ;  the  Superintendent  of  the  United  States  Naval 
Observatory,  Captain  Chester.  A  most  enjoyable  evening  was  spent 
together,  and  among  the  good  things  were  the  addresses  by  guests, 
by  Professor  Newcomb,  and  by  Professor  Hale. 

On  Wednesday  afternoon  the  session  was  adjourned  shortly  be- 
fore four  o'clock,  to  enable  the  members  of  the  Society  to  attend  a 
reception  given  them  at  the  Naval  Observatory  by  Captain  and  Mrs. 
Chester.  After  a  most  pleasant  social  gathering  of  an  hour  or  more, 
all  present  were  invited  to  spend  as  much  of  the  evening  as  they 
desired  in  an  inspection  of  the  Observatory  and  its  equipment. 

At  the  final  session  resolutions  were  adopted  tendering  the  thanks 
of  the  Society  to  Captain  Chester  for  his  courteous  invitation  to  visit 
the  Naval  Observatory,  and  his  kind  attentions  during  the  meeting 
of  the  Society ;  also  tendering  the  thanks  of  the  Society  to  the  Cos- 
mos Club,  for  the  use  of  the  club  house  and  all  its  facilities,  so  cour- 
teously accorded  to  the  Society  by  its  members. 

On  the  last  day  of  the  meeting  officers  were  elected  as  follows : 

President Simon    Newcomb 

First  Vice-President George  E.  Hale 

Second  Vice-President W.  W.  Campbell 


i82  ASTROXOMICAL  AND  ASTROPHYSICAL 

Secretary George  C.  Comstock 

Treasurer C.  L.  Doolittle 

„         .,  (    W.  S.  Eichelberger 

Councilors i  ^  ,  c,^ 

(  Ormond  btone 

Professor  Eichelberger  was  chosen  editor  for  the  meeting. 


ABSTRACTS  OF  PAPERS 

COMPARISON     OF    ASTRONOMICAL     PHOTOGRAPHIC 

MEASURES  MADE  WITH  THE  RESEAU 

AND  WITHOUT  IT. 

BY  HAROLD  JACOBY. 

The  tescau  method  of  measuring  stellar  photographs,  as  con- 
sidered in  the  present  note,  is  similar  to  that  in  use  by  the  observa- 
tories participating  in  the  photographic  survey  of  the  heavens  now 
in  progress.  The  most  important  advantage  of  this  method  of 
measurement  is  that  it  avoids  almost  altogether  the  effects  of  pos- 
sible contractions  or  expansions  of  the  sensitive  film  during  develop- 
ment ;  and  to  this  advantage  has  been  joined  another  of  a  practical 
character  which  was  perhaps  not  foreseen  by  the  originators  ot  the 
rescau  method.  It  is  found  most  confusing  to  measure  plates  having 
nothing  on  their  surfaces  but  star-images ;  in  fact,  in  the  case  of  close 
clusters,  it  is  well-nigh  impossible  on  such  plates  to  make  sure  that 
the  two  coordinates  assigned  to  any  star  really  belong  to  the  same 
object.  All  this  possibility  of  confusion  disappears,  however,  with 
rescau  plates,  as  it  is  easy  to  keep  all  measures  in  order  by  consider- 
ing each  little  square  by  itself. 

As  usual,  there  are  compensating  disadvantages  connected  with 
the  reseau.  It  is  necessary,  for  instance,  to  make  certain  assump- 
tions, such  as  the  following: 

1.  That  the  division  errors  of  the  original  rescau  can  be  deter- 
mined as  accurately  as  those  of  a  scale. 

2.  That  the  photographic  copy  of  the  rescau,  as  it  appears  on  the 
star-plate,  really  reproduces  e.xactly  the  division  errors  of  the 
original. 

3.  That  the  bisection  of  the  photographed  reseau  lines  on  the 
star-plate  can  be  made  with  a  microscope  as  accurately  as  the  lines 
of  a  scale  can  be  bisected. 

It  is  of  course  possible  to  discuss  each  of  these  assumptions  sepa- 
rately ;  but  in  the  present  note  I  shall  consider  one  simple  experiment 
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only.  This  consisted  in  measuring-  a  couple  of  Pleiades  photographs 
twice,  once  bv  the  rcscaii  method,  and  once  with  a  metallic  scale. 
A  simple  comparison  ought  then  to  show  how  far  the  two  methods 
of  measurement  differ  in  their  results.  Seventy-five  stars  were  ob- 
served in  each  case,  and  the  same  stars  were  used.  The  first  plate 
was  made  at  Paris,  January  14,  1901,  and  the  'probable  discordance' 
between  the  two  methods  of  measurement  was  ±o".ii.  No  cor- 
rections were  applied  for  possible  division  errors  of  the  Paris  reseau, 
as  none  have  been  published,  though  the  MM.  Henry  have  satisfied 
themselves  that  the  Paris  rcscaa  errors  are  inappreciable.  The 
second  plate  was  made  at  Helsingfors,  December  12,  1900,  and  gave 
a  probable  discordance  of  ±  o" .22.  In  this  case,  the  measures  were 
corrected  with  Donner's  division  errors,  but  these  are  not  large 
enough  to  affect  the  result  appreciably.  In  both  cases,  measures  made 
with  the  metallic  scale  were  corrected  for  the  division  errors  deter- 
mined at  Columbia  University.  The  larger  discordance  in  the  case 
of  the  Helsingfors  plate  is  probably  due  to  the  less  well  defined 
character  of  the  photographed  rcscaa  lines.  In  many  cases  it  is 
possible  to  bisect  these  lines  under  the  microscope  anywhere  except 
at  the  corners  of  the  squares,  v^fhere  two  lines  cross  and  form  a  point. 
But  when  we  consider  that  the  above  discordances  involve  the 
errors  of  both  measurements,  they  do  not  appear  unduly  large. 
Divided  by  the  square  root  of  two,  they  give  for  the  probable  error 
of  a  measurement  by  one  method  only  ±  o".o8  for  Paris,  and 
±  o".i6  for  Helsingfors;  and  there  is  no  evidence  of  a  systematic 
arrangement  of  signs  in  the  differences  between  the  two  methods. 
We  may  conclude,  therefore,  that  plates  measured  by  the  reseau 
method  and  without  it  give  identical  results  within  a  very  narrow 
margin ;  nor  does  irregular  distortion  of  the  film  appear  to  have 
affected  appreciably  the  measures  made  without  the  reseau. 


THE  SPECTRA  OF  STARS  OF  SECCHFS  FOURTH  TYPE. 

BY  GEORGE  E.  HALE,  FERDINAND  ELLERMAN  AND 
J.   A.   PARKHURST. 

In  his  early  days  of  stellar  spectra,  Secchi  divided  the  red  stars 
into  two  great  classes  (his  third  and  fourth  types),  whose  spectra 
differ  very  markedly  in  their  general  characteristics.  Subsequent 
investigations  by  Vogel  and  Duner  confirmed  Secchi's  conclusion 
with  regard  to  the  presence  of  carbon  bands  in  the  spectra  of  stars 
of  the  fourth  type,  but  in  view  of  the  instrumental  means  employ- 
ed it  was  impossible  for  these  investigators  to  distinguish  the  indi- 
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vidual  lines  in  the  spectra.  An  investigation  of  tiiese  stars  was  ac- 
cordingly undertaken  with  a  three-prism  spectrograph,  used  in  con- 
junction with  the  forty-inch  refractor  and  the  two-foot  reflector  of 
the  Yerkes  Observatory.  Some  two  hundred  and  fifty  photographs, 
ranging  in  exposure-time  from  a  few  minutes  up  to  twenty-five 
hours,  were  made.  They  include  the  yellow  and  green  as  well  as 
the  blue  regions  of  the  spectra.  A  special  study  has  been  made  of 
eight  stars,  in  whose  spectra  the  wave-lengths  of  several  hundred 
bright  and  dark  lines  have  been  measured.  The  presence  of  bright 
lines,  though  suspected  by  Secchi,  was  denied  by  subsequent  obser- 
vers, but  has  been  abundantly  confirmed  by  the  present  photographs. 
Hitherto  it  has  not  been  possible  to  identify  these  lines.  A  large  part 
of  the  dark  lines,  however,  have  been  found  to  be  due  to  iron, 
titanium  and  various  other  substances.  By  the  aid  of  these  lines 
the  radial  velocities  of  the  eight  stars  have  been  determined.  The 
photographs  bring  out  a  marked  resemblance  between  the  spectra 
of  the  two  classes  of  red  stars,  so  far  as  the  dark  lines  are  concerned. 
Cyanogen  is  present  in  both  classes,  but  carbon,  either  alone  or  in 
combination  with  oxygen,  is  absent  from  stars  of  Secchi's  third  type, 
while  very  conspicuous  in  stars  of  the  fourth  type.  In  both  classes 
of  stars  the  relative  intensities  of  the  dark  lines  in  the  spectrum  of  a 
given  element  seem  to  differ  considerably  from  the  corresponding 
intensities  in  the  solar  spectrum.  This  led  to  a  comparison  of  the 
stellar  lines  with  the  widened  lines  in  the  spectra  of  sun-spots.  So 
far  as  can  be  judged  from  the  present  photographs,  there  is  a  marked 
similarity  of  these  spectra,  but  this  can  not  be  made  the  basis  of  any 
theoretical  conclusions  before  further  investigations  with  higher  dis- 
persion have  been  made.  In  general,  the  investigation  tends  to  con- 
firm the  opinion  of  Vogel  and  Duner  that  the  two  classes  of  red  stars 
have  developed  from  solar  stars.  Full  details  of  the  work,  with 
tables  of  wave-lengths  and  reproductions  of  photographs,  will  appear 
soon  in  the  Publications  of  the  Ycrkcs  Observatory,  \'ol.  II. 

RADIAL    VELOCITIES    OF    TWENTY    STARS    HAYING 
SPECTRA  OF  THE  ORION  TYPE. 

BY  EDWIN  E.  FROST  AND  WALTER  S.  ADAMS 

This  paper  represents  a  part  of  the  work  done  during  the  past 
year  with  the  new  Bruce  spectrograph  of  the  Yerkes  Observatory. 
Stars  with  spectra  of  this  interesting  type,  which  seems  certainly  to 
characterize  an  early  stage  of  stellar  development,  have  not  hitherto 
received  much  attention  in  respect  to  motion  in  the  line  of  sight. 
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These  spectra  are  not  adapted  to  measurements  of  any  such  degree 
of  accuracy  as  is  possible  for  the  solar  stars,  because  of  the  compara- 
tive fewness  and  the  generally  hazy  and  ill-defined  character  of  their 
lines.  The  results  have,  however,  proved  more  accordant  than  was 
anticipated.  The  general  good  adjustment  and  trustworthiness  of 
the  spectrograph  are  attested  by  the  measures  of  the  moon's  radial 
velocity.  The  twelve  lunar  spectra  photographed  during  the  year 
gave  a  mean  difTerence  of  two-tenths  of  a  kilometer  per  second  be- 
tween the  observed  and  the  computed  radial  velocity,  the  largest 
difference  being  seven-tenths  of  a  kilometer  per  second.  The 
titanium  spark  was  chiefly  used  for  furnishing  the  comparison  spec- 
trum, but  the  iron  and  the  chromium  spark  and  a  helium  tube  were 
also  employed  at  times.  A  perfectly  definite  amount  of  self-induc- 
tion and  capacity  was  always  maintained  in  the  secondary-  circuit. 

The  lines  commonly  present  and  measured  in  the  stellar  spectra 
were  those  due  to  one  or  more  of  the  following  elements :  helium, 
oxygen,  silicon,  nitrogen,  hydrogen,  magnesium.  The  observing 
list  included  about  one  hundred  and  fifty  stars  of  this  type  brighter 
than  the  sixth  magnitude.  The  present  paper  included  only  those  of 
which  three  or  more  plates  have  been  obtained  and  measured.  Those 
found  to  vary  in  their  radial  velocity,  si.x  in  number,  were  not  in- 
cluded in  the  discussion.  The  stars  of  the  Orion  type  are  peculiarly 
distributed  in  the  sky,  being  for  the  most  part  grouped  in  or  near  the 
Milky  Way.  As  many  of  the  twenty  are  near  the  apex  or  anti-apex 
of  the  sun's  way,  the  observed  velocities  clearly  show  the  effect  of 
the  solar  motion.  If  a  correction  were  applied  for  this  motion,  the 
resulting  absolute  radial  velocities  would  be  small.  The  angular 
proper  motions  of  these  stars  are  also  small,  and  suggested  a  rela- 
tively great  distance  from  our  sun,  as  well  as  a  'community  of  in- 
terest' of  these  stars.  The  radial  velocities  observed,  expressed  in 
kilometers  per  second,  are  as  follows : 


7  Pegasi 

+    5 

e  Can.  maj. 
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f  Cassiopeiae 

-+-    3 
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+    4 
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—    6 
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—    7 
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7  Orionis 
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—    4 

f  Orionis 

+    17 
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K  Orionis 

+    17 

7;  Lyrre 

—    9 
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(This  paper  appears  in  full  in  Vol.  II,  of  the  Publications  of  the 
Yerkes  Observatory). 
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NEW  SPECTROSCOPIC  BINARIES. 

BY  EDWIN  B.  FROST  AND  WALTER  S.  ADAMS. 

During  the  obsen'ations  described  above,  six  stars  of  the  Orion 
type  were  found  whose  radial  velocity  varied.  Preliminar}'  state- 
ments have  been  published  as  to  three  of  these  (i  Orions,  o  Persei, 
p  Cephei).  The  others  are  S  Ceti,  ?  Tauri  and  v  Eridani.  Of  8 
Ceti  we  have  obtained  eleven  plates  since  November  i,  1901,  which 
give  a  range  from  -)-  6  to  +  16  km.  per  second.  The  period  is  short, 
but  observations  on  consecutive  nights  will  be  necessary  for  its  es- 
tablishment. 

The  plates  of  s  Tauri  available  are  ten  in  number  (from  November 
8,  1901,  to  December  18,  1902),  and  give  range  from  +  7  to  +  34 
km.  The  period  can  not  yet  be  given,  but  may,  perhaps,  be  about 
fourteen  days.  The  spectrum  is  rather  unique  in  respect  to  its  very 
sharp  and  strong  7  and  /J  lines  of  hydrogen,  with  the  other  lines 
(some  of  them  metallic)  very  faint. 

One  plate  of  v  Eridani  was  obtained  in  the  autumn  of  1901,  and 
four  a  year  later.  The  range  of  velocity  so  far  observed  is  from 
-|-  3  to  -)-  26  km.  per  second. 

We  regard  two  or  three  other  stars  with  spectra  of  the  Orion  type 
as  suspicious  of  variable  radial  velocities,  but  the  number  of  plates 
so  far  obtained  is  insufficient  to  establish  the  variation.  The  pro- 
portion of  spectroscopic  binaries,  found  by  us  in  this  special  class  of 
stars,  to  the  number  of  which  we  have  obtained  three  plates  is  about 
one  to  five. 

THE  ORBIT  OF  THE  SPECTROSCOPIC  BINARY 
,  ORIONIS. 

BY  WALTER  S.  ADAMS. 

The  variation  in  the  radial  velocity  of  1  Orionis  was  discovered  at 
the  Yerkes  Observatory  in  December,  1901,  by  Professor  E.  B.  Frost 
and  the  writer.  Since  that  time  twenty-eight  spectrograms  have 
been  secured,  covering  an  interval  of  very  nearly  a  year,  and  in  the 
present  paper  the  star's  orbit  is  computed  from  them  by  the  method 
of  Lehmann-Filhes.  The  greatest  range  found  is  about  two  hun- 
dred and  eighty-five  kilometers,  and  is  the  largest  which  has  hitherto 
been  discovered  among  binaries  which  like  this  have  one  component 
dark.  The  spectrum  is  of  the  Orion  type,  but  contains  several  silicon, 
oxygen  and  nitrogen  lines  as  well. 
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The  period  used  in  plotting  the  observations  is  7.9896  days,  and 
the  following  elements  are  found : 

Velocity  of   system    V  =  -\-  35.5   km. 

«a  =   90°      41 '.6 

W  =  42°     16' 
e  =  0.016 
II  =  45° -059 

T  ^  1901,  December  1.821 
a  sin  i  =  15,901,000  km. 

An  ephemeris  is  computed  with  these  elements,  and  the  greatest 
difference  between  the  observed  and  computed  velocities  is  found  to 
be  less  than  three  kilometers. 


THE  MASSES  IN  85  PEGASI. 

BY   GEORGI!   C.    COMSTOCK. 

Eighty-five  Pegasi  is  a  sixth  magnitude  star  with  an  eleventh 
magnitude  companion  distant  less  than  a  second  of  arc.  Burnham, 
who  discovered  the  pair  in  1878,  has  published  an  orbit  with  a 
periodic  time  of  25.7  years.  The  bright  star  of  the  pair  has  been 
frequently  compared  with  a  neighboring  ninth  magnitude  star,  and 
from  a  discussion  of  these  measures  covering  a  period  of  fifty  years 
I  find  for  the  masses  of  the  sixth  and  twelfth  magnitude  stars  the 
ratio,  2  :3,  the  faint  star  having  the  greater  mass,  although  its  light 
is  only  a  hundredth  part  that  of  the  brighter  star. 

The  result  is  directly  opposed  to  the  common  view  that  regards 
the  fainter  component  of  a  binary  star  as  more  nearly  extinct  than 
its  companion,  because  a  smaller  mass  has  caused  it  to  traverse  more 
rapidly  the  stages  of  development  that  lead  to  extinction. 

STELLAR  REVOLUTIONS  WITHIN  THE  GALAXY. 

BY  FR.\NK  W.  VERY. 

Independent  estimates  of  the  parallax  of  Nova  Persei  give 

TT  =  o".052,    and    ir  =  o".049, 

whence  it  is  concluded  that  the  distance  of  this  presumably  galactic 
object  is  about  600,000,000,000,000  km.  It  is  proposed  to  adopt  this 
distance  as  a  first  approximation  to  the  sun's  distance  from  the  Milky 
Way. 

The  first-type  stars,  of  which  the  galactic  stream  is  mainly  com- 
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posed,  probably  have  rather  small  linear  velocities,  and  are  the 
result  of  agglomerative  tendencies ;  but  around  the  central  conden- 
sations there  is  a  great  sphere  of  stars,  mostly  in  advanced  stages  of 
development,  which  seems  to  have  been  produced  by  stellar  dis- 
persal. These  outlying  stars  may  have  been  thrown  ofT  from  the 
central  condensations  by  explosions  of  great  magnitude ;  and  if  the 
velocity  of  recession  is  not  too  great,  these  stars  thenceforth  revolve 
around  controlling  centers,  consisting  of  densely  clustering  stars, 
in  periods  embracing  many  millions  of  years. 

The  attraction  of  spherical  mass  of  stars,  equivalent  to  10,000,000 
such  suns  as  ours,  the  aggregate  extending  to  ten  times  the  assumed 
solar  distance  from  the  Galaxy,  is  sufficient  to  produce  the  present 
solar  velocity  (20  km.  per  sec.)  in  moving  from  rest  at  the  outer 
limit,  and  to  give  an  oscillation  from  one  extreme  to  the  opposite 
boundary  in  a  little  over  40,000,000  years.  With  a  central  galactic 
condensation  sufficient  to  turn  the  movement  into  an  eccentric  orbital 
revolution,  if  apogalacteum  is  ten  times  as  far  away  and  perigalac- 
teum  one-tenth  as  far  from  the  center  of  motion  as  the  assumed 
galactic  distance,  the  period  of  revolution  will  be  shortened,  but  can 
not  less  than  about  6,000,000  years  for  a  circular  orbit  around  a 
central  cluster.  The  general  stellar  sphere  controls  the  movement  in 
an  elongated  orbit  at  the  greater  distances,  but  the  massive  central 
agglomerations  exercise  directive  power  at  the  closer  approach. 

There  are  certainly  more  than  10,000,000  stars.  Hence,  either 
their  attractions  are  largely  mutually  annulled  through  symmetrical 
external  position,  or  else  most  of  the  stars  have  masses  very  much 
less  than  that  of  the  sun,  which  must  be  above  the  average  mass. 

As  the  true  proper  motions  of  the  stars  show  little  preference  for 
particular  directions,  the  dispersals  have  occurred  indiscriminately 
in  all  directions. 

The  diverse  regions  of  space  traversed  by  the  sun  in  its  progres- 
sion from  perigalacteum  to  apogalacteum  may  have  very  different 
meteoric  contents  whose  reception  produces  secular  changes  in  the 
planetary  atmospheres,  and  may  influence  the  development  of  living 
forms  indirectly. 

The  apex  of  the  sun's  way  is  now  about  twenty  degrees  from  the 
axis  of  the  galactic  stream.  At  perigalacteum  the  apex  will  recede 
to  the  galactic  pole,  and  the  direction  of  motion  of  the  apex  in  the 
interim  will  determine  the  axis  of  the  solar  orbit. 
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PRELIMINARY   ANNOUNCEMENT    WITH    REGARD    TO 

THE  PROPER  MOTIONS  OF  CERTAIN 

FAINT  STARS. 

BY  GEORGE  C.   COMSTOCK. 

The  author  has  measured  micrometrically  the  positions  of  forty- 
five  faint  stars  (ninth  to  twelfth  magnitudes)  referred  to  brighter 
neighboring  stars  whose  proper  motions  were  accurately  known. 
From  a  comparison  of  these  observations  with  older  data  of  a  similar 
kind,  principally  the  measurements  made  by  the  Struves,  he  has 
derived  proper  motions  of  the  faint  stars,  which  in  respect  of  pre- 
cision are  quite  comparable  with  the  proper  motions  of  the  fainter 
fundamental  stars,  e.  g.,  those  of  the  fifth  and  sixth  magnitudes. 

These  proper  motions,  although  relatively  few  in  number,  furnish 
a  determination  of  the  sun's  motion  in  space  entirely  independent  of 
all  previous  data,  and  based  upon  stars  whose  average  distance  from 
the  solar  system  is  much  greater  than  any  hitherto  employed.  The 
resulting  solar  motion  is  in  substantial  agreement  with  previous  de- 
terminations, and  when  combined  with  spectroscopic  determinations 
of  the  velocity  of  the  sun's  motion  it  furnishes  as  the  mean  parallax 
of  the  stars  observed  (magnitude  10.5)  the  value  o".oo5  (40,000,000 
radii  of  the  earth's  orbit)  which  is  in  substantial  accord  with  the 
extrapolated  value  furnished  by  Kapteyn's  researches  upon  the 
brighter  stars. 

Other  results  of  the  present  investigation  are  :  ( i)  That  the  proper 
motions  of  the  fainter  half  of  this  list  of  stars  do  not  seem  to  be  ma- 
terially less  than  those  of  the  brighter  half,  i.  e.,  the  eleventh  and 
twelfth  magnitude  stars  are  not  more  distant  than  those  of  the  ninth 
and  tenth  magnitudes;  (2)  that  the  average  linear  velocity  with 
which  these  faint  stars  move  through  space  is  of  the  same  order  of 
magnitude  as  that  of  the  brighter  stars  and  about  fifty  per  cent, 
greater  than  the  velocity  of  the  sun. 

AN  INQUIRY  INTO  THE  CAUSE  OF  THE  NEBULOSITY 
AROUND  NOVA  PERSEI. 

BY  FRANK  W.  VERY. 

Lockyer's  hypothesis  of  colliding  meteor  swarms  would  require 
spherical  swarms  of  enormous  dimensions,  and  in  other  respects  it 
does  not  fit  the  facts.  Radiation  hypotheses  do  not  explain  the 
duplicity,  or  f)OSsible  triplicity,  of  the  nebulous  ring,  nor  the  double 
ratio  of  the  radii  of  the  two  principal  rings ;  neither  is  the  retarda- 
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tion  of  the  expansion  satisfactorily  accounted  for.  Reflection  hypo- 
theses are  absolutely  barred,  because  they  demand  an  impossible 
albedo  in  the  nebula. 

The  supposition  that  the  motion  is  a  real  one  involves  the  further 
hypotheses  that  it  is  due  to  particles  of  corpuscular  dimensions,  ex- 
pelled from  great  masses  of  intensely  heated  gas,  surrounding  the 
nova,  in  moments  of  powerful  electric  oscillatory  discharges ;  that 
these  discharges  assist  to  ionize  the  material  and  start  a  series  of 
instantaneous  magneto-electric  impulses  which  guide  the  moving 
particles  along  lines  of  magnetic  force ;  that  the  material  is  probably 
diamagnetic  and  will  finally  come  to  rest  in  loci  of  least  magnetic 
potential ;  that  the  velocity  imparted  depends  on  the  masses  of  the 
ions  which  appear  to  be  in  the  ratio  i  :2 :4 ;  that  the  velocity  is  accel- 
erated out  to  a  radius  at  which  magnetic  repulsion  and  gravitational 
attraction  are  equal  for  particles  of  the  given  dimensions,  and  that 
at  greater  distances  the  velocity  is  retarded.  An  estimate  of  the 
mass  and  diameter  of  the  nova  indicates  that,  at  the  surface  of  the 
star,  the  ratio  of  magnetic  force  to  gravity  may  be  as  great  as  100,000 
to  I  for  these  minute  particles ;  and  as  such  a  force  would  be  capable 
of  generating'  in  a  corpuscle  a  velocity  of  100,000  km.  per  sec.  in  one 
second,  if  it  were  possible  fully  to  utilize  it  for  this  purpose,  the  only 
objection  which  can  be  urged  against  the  hypothesis  is  the  difficulty 
of  imagining  a  process  by  which  this  force  can  be  economically 
applied. 

In  favor  of  the  hypothesis  it  can  be  stated  that  the  theoretical 
variation  in  the  rate  of  expansion  of  the  nebula  has  been  observed ; 
that  the  observed  motions  of  nebulous  fomis  agree  well  with  those 
to  be  expected  if  the  phenomenon  is  a  species  of  magnetic  phantom ; 
that  there  are  curved  and  diverging  streamers  on  the  south-south- 
west side,  resembling  the  sheaves  of  diverging  coronal  filaments 
about  the  sun's  poles ;  that  the  absence  of  a  corresponding  sheaf  on 
the  north-northeast  side  may  be  explained  on  Doppler's  principle; 
that  the  disappearances  of  certain  forms  in  the  outer  of  the  two  prin- 
cipal rings  after  reaching  a  radius  of  14'  to  16',  and  the  phenomenal 
and  sudden  appearance  of  bright  forms  at  about  the  same  positions, 
are  to  be  explained  on  the  same  principle ;  that  such  appearances  and 
disappearances  are  demanded  on  the  magnetic  hypothesis,  and  are 
extraordinary  anomalies  on  any  other. 

It  is  concluded,  therefore,  that  the  nebula  resembles  a  gigantic 
corona ;  that  its  axis  is  inclined  forty  degrees  to  the  line  of  sight  on 
the  south-southwest  side ;  and  that  the  expansion  of  the  nebula  is 
approaching  its  limit. 
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THE  MOUNTING  OF  FIXED  MERIDIAN  INSTRUMENTS. 

BY  G.  W.  HOUGH. 

The  variation  in  level  and  azimuth  in  fixed  meridian  instruments 
is  due  to  the  effect  of  temperature :  ( i )  On  the  metal  outside  the 
piers,  (2)  on  the  metal  in  the  piers,  (3)  on  the  supporting  piers,  and 
(4)  to  the  motion  of  the  base  of  the  pier.  In  order  to  understand 
how  the  temperature  acts  on  meridian  instruments,  we  need  some 
physical  constants.  If  we  assume  the  conductivity  of  iron  as  one, 
or  unity,  mercury  is  i/io,  stone,  brick  and  wood  1/130  to  1/180. 
It  will  be  readily  understood  that  the  iron  outside  of  the  pier  will 
act  quickly  as  a  thermometer,  the  iron  inside  the  pier  will  act  more 
slowly,  and  the  supporting  piers  will  act  very  slowly  in  taking  the 
temperature  of  the  external  air. 

The  piers  acting  as  a  thermometer  may  lag  one  month  or  more, 
and  this  is  the  explanation  of  the  phenomenon  observed  at  Edin- 
burgh. Hence  we  conclude  that  variation  of  level  and  azimuth  dur- 
ing a  night  of  observation  is  almost  entirely  due  to  the  effect  of 
temperature  on  the  metal  parts  of  the  instrument.  The  covering  of 
piers  with  cloth  and  wood  is  of  no  use. 

Many  instruments  in  use  change  their  level  and  azimuth  by  jumps, 
and  not  in  any  regular  manner.  If  the  expansion  of  iron  is  taken 
as  unity,  brass  is  2,  sandstone  and  granite  0.8  to  0.9,  and  bricks  from 
0.3  to  0.5.  It  is  readily  seen  that  the  difference  of  expansion  between 
brick  and  iron  is  so  great  that  the  instrument  will  always  be  loose 
on  the  piers.    Hence  it  is  free  to  jump  in  both  level  and  azimuth. 

In  the  Pistor  &  Martin's  meridian  circle  the  brass  cylinder  for 
holding  the  Y  should  be  replaced  with  iron. 

The  modern  Repsold  is  defective  in  its  mechanical  construction, 
for  the  reason  that  the  Y-piece  and  the  counterpose  weight  are  all 
supported  on  one  frame,  and  when  the  instrument  is  reversed  it  is 
liable  to  be  disturbed  in  level  and  azimuth.  The  Dearborn  Obser- 
vatory old  pattern  Repsold  meridian  circle  is  mounted  on  sandstone 
piers,  and  the  lugs  for  holding  the  Y-pieces  are  set  in  with  lead. 
The  instrument  is  absolutely  stable  in  level  and  in  azimuth.  The 
computed  monthly  level  for  two  years,  when  corrected  for  tempera- 
ture and  the  motion  of  the  pier,  agrees  with  the  observed  level  within 
a  fraction  of  a  second  of  arc. 
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THE  PROBABLE  VALUE  OF  THE  CONSTANT 
OF  ABERRATION. 

BY  S.   C.   CHANDLER. 

The  number  of  detemiinations  of  this  constant  is  now  so  consider- 
able that  even  wide  differences  of  judgment  as  to  the  weights  to 
be  assigned  them  can  have  but  little  influence  on  the  mean  result. 
Forty-three  determinations  are  combined  with  the  following  weights : 

Talcott's    method 20". $2^  Weight,  151 

Meridian    declinations 514  22 

Prime  vertical  transits 525  24 

Right  ascensions S3  6 

Prismatic  apparatus 48  5 

Mean    2o".S2i  208 


THE   CONSTANT   OF   ABERRATION    FROM    OBSERVA- 
TIONS WITH  THE  ZENITH  TELESCOPE,  1901-1902. 

BY  C.   L,.  DOOLITTLE. 

A  preliminary  reduction  of  the  series  of  zenith  telescope  observa- 
tions covering  the  period  from  October  i,  1901,  to  October  i,  1902, 
gives  for  this  constant  the  value  20". 5 10. 

This  is  preliminary  in  the  sense  that  some  of  the  work  of  reduc- 
tion has  not  been  fully  verified  and  that  it  is  proposed  to  include  in 
deriving  the  final  result  some  additional  data,  viz.,  about  four  hun- 
dred observations  between  October  i,  1902,  and  January  i,  1903. 

The  values  derived  from  the  diflferent  series  of  observations  at 
the  Sayre  and  Flower  Observatories  are  as  follows : 


(l)      I889-I890 

20".448 

±' 

'.014 

Weight  yi 

(2)     I892-I893 

20  .551 

± 

.009 

I 

(3)     I894-I89S 

20  .537 

■jr 

.014 

I 

(4)      1896-1898 

20  .580 

± 

.008 

V2 

(5)         1898-1899 

20  .540 

± 

.010 

I 

(6)        1900-1901 

20  .561 

^ 

.008 

I 

(7)        1901-1902 

20  .510 

I 

2o".S39 

Unweighted   mean  , 

20  .532 

I  have  elsewhere  given  reasons  for  suspecting  the  genuineness  of 
result  (i).  There  are  also  reasons  for  the  small  weight  assigned  to 
result  (4)  aside  from  the  somewhat  larger  value  given. 
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It  is  proposed  to  continue  this  series  for  another  3"ear.  It  will  then 
be  terminated  unless  means  can  be  had  for  giving  the  investigation 
a  wider  scope.  For  a  number  of  years  I  have  been  hoping  that  I 
might  be  able  to  set  up  an  instrument  of  different  construction  and 
have  a  second  series  of  observations  carried  on  simultaneously  with 
my  own  for  a  period  of  at  least  two  or  three  years.  At  present  the 
necessary  means  are  not  available,  but  I  have  not  entirely  aban- 
doned this  project. 

MICROMETRICAL  MEASURES   OF  INDIVIDUAL   STARS 
IN  THE  GREAT  GLOBULAR  CLUSTERS. 

BY  E.  E.  BARN.\RD. 

The  great  power  of  the  forty-inch  refractor  of  the  Yerkes  Obser- 
vatory has  been  utilized  in  a  systematic  micrometrical  survey  of  be- 
tween six  hundred  and  seven  hundred  small  stars  in  the  globular 
clusters  M  3,  M  5,  M  13  and  M  92. 

The  paper  deals  mainly  with  the  measures  of  stars  in  il  13  Her- 
culis  and  a  comparison  of  these  with  measures  made  by  Dr.  Scheiner, 
of  Potsdam,  in  1891,  of  photographs  of  the  cluster.  This  compari- 
son shows  a  generally  close  agreement  between  the  photographic 
and  visual  measures.  There  are  a  few  discordances  amounting  to 
one  or  more  seconds  of  arc.  There  does  not  seem  to  be  any  proof 
that  these  are  due  to  motion  in  these  stars,  but  rather  due  to  the  diffi- 
culty of  making  the  photographic  measures.  In  ten  years'  interval 
there  does  not  appear  to  be  any  certain  proof  of  motion  in  any  of 
the  stars  under  observation.  In  the  work  with  the  large  telescope  the 
stars  are  referred  to  a  standard  star  in  each  cluster.  This  star  is 
accurately  measured  with  reference  to  known  stars,  and  its  absolute 
position  given,  from  which  the  exact  place  of  any  one  of  the  smaller 
stars  observed  can  be  easily  deduced.  The  measures  were  made  by 
the  method  of  position  angle  and  double  distances,  though  the  rela- 
tive positions  of  the  stars  to  the  standard  stars  are  given  in  the  order 
of  Aa  and  A8. 


ON  SOME  OF  THE  VARIABLE  STARS  IN  THE 
CLUSTER  M  5  LIBILE. 

BY  E.  E.  BARNARD. 

These  are  observations  of  some  of  the  variable  stars  discovered  in 
this  cluster  by  Professor  S.  I.  Bailey. 

The  smaller  stars  all  have  periods  of  nearly  half  a  day,  but  there 
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are   three  bright   stars — the  brightest   in   the   ckister — which   have 
relatively  long  periods.    These  periods  are : 


Star  No. 

Period. 

Light  Range. 

42 

257739  days 

iYa  mag. 

84 

26.5760      " 

iVa     " 

SO 

106.17 

I 

The  first  two  rise  rapidly  to  maximum  and  decline  slowly  to  mini- 
mum. No.  50,  which  seems  to  have  the  longest  period  in  the  cluster, 
dififers  markedly  from  the  other  two  in  that  its  rise  and  decline  are 
both  slow  and  uniform.    All  three  are  slightly  yellowish  at  maximum. 

Several  of  the  small,  quick-period  variables  were  under  observa- 
tion. The  best  observed  of  these  was  No.  33,  whose  period  is  o'' 
12"  2™  7^.6,  and  whose  light  range  is  about  one  magnitude  (i™.!). 
The  light  curve  for  this  star  is  rather  remarkable. 

The  normal  condition  is  faint  at  about  14J/2  mag.  At  about  one 
hour  before  maximum  it  begins  to  rise.  Its  light  increases  rapidly, 
and  the  duration  of  maximum  is  very  short.  The  star  then  declines 
about  as  rapidly  as  it  rose,  for  about  forty  minutes.  It  then  seems  to 
halt  in  the  decline,  and  from  this  on  sinks  very  slowly  to  minimum, 
not  reaching  its  faintest  or  normal  condition  until  seven  or  eight 
hours  after  maximum. 


NOTES   ON   THE   SHORT   T^IETHOD   OF   DETERMINING 
ORBITS  FROM  THREE  OBSERVATIONS. 

r,Y  .\.  O.  LEUSCHNER. 

In  order  to  simplify  the  computation  of  preliminary  orbits,  the 
author  proposes  several  modifications  in  the  application  of  his  'Short 
Method,  etc'  {Publications  of  the  Lick  Obscri'Otory,  \o\.  \TI, 
part  I )  : 

1.  The  accuracy  of  p„  is  increased  by  eliminating  the  parallax 
from  the  second  observation  through  simple  corrections  applied  to 
the  corresponding  solar  coordinates  in  group  I. 

2.  When  the  parallax  factors  for  the  three  observations  dift'er 
materially,  the  accuracy  of  the  geocentric  velocities  is  increased  by 
applying  the  parallax  corresponding  to  the  unit  of  distance  to  all 
three  observations  in  the  formulx  of  group  II. 

3.  No  correction  for  parallax  is  to  be  applied  to  the  middle  ob- 
servation on  the  basis  of  the  successive  approximations  for  p„  (cf. 
groups  V,  VII),  but  instead  the  parallax  is  to  be  eliminated  once  for 
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all  b)-  correcting  the  rectangular  equatorial  solar  coordinates  for  the 
normal  date  as  follows  : 

^X  =      (/>i  po)  sin  OoCOsSo-j- (/ijPo)  cos  Oo  sinS,, 
AK  =  —  (/>!  Po)  cos  Oo  cos  So  -(-  (/>2po)  cos  a„  sin  5o, 

AZ  =  —  C/":  Po)  COS  5o, 

4.  By  replacing  the  A  and  5  by 

A'  =  A  +  cosS  pjf-, 
B'  =  B  +  p,/p\ 

respectively,  in  the  differential  formulas  (group  VII),  terms  depend- 
ing on  the  parallax  factors  are  introduced  which  will  minimize  the 
effect,  on  the  residuals,  of  changes  in  parallax,  and  the  convergence 
is  increased. 

5.  The  sufficiency  of  the  differential  formulas  should  be  tested  by 
checking  the  new  residuals  obtained  in  group  VII  by  means  of  the 
corresponding  formulae  of  group  VI. 

6.  Simple  formulas  involving  the  squares  of  the  corrections  have 
been  derived  for  those  rare  cases  in  which  the  linear  relations  are 
found  to  be  insufficient. 

7.  The  new  values  of  .1-0,  Vo-  "0  (group  VII)  may  be  found  rigidly 
in  all  cases  by  changing  the  former  values  by 

dx,  =  cos  a„  cos  80  dpo, 
dy»  =  sin  Oo  cos  5o  dpo, 
dz»  =z  cos  sin  So  dpa. 

8.  The  method  may  be  applied  to  longer  arcs  by  using  closed 
expressions  in  place  of  the  series  in  group  VI. 

A  METHOD  OF  COMPUTING  ORBITS  IN  RECTANGULAR 
COORDINATES. 

BY  A.  O.  LEUSCHNER. 

From 

ua  =/auo  +  gaua      ("  =  X,  y,  Z) 

(Publications  Lick  Observatory,  Vol.  VII,  part  i)  the  author  de- 
rives the  three  fundamental  equations : 

gm  gi 

'igin—Jnigi  Jigni-  fiiigi 

Introducing 

p  cos  a  cos  5  =  .r  -f-  (.Y) 

in  the  first  of  these  thicc  equations,  it  becomes 
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,-  ,-    ^    Pi  cos  a,  COS  <^  —  ..      *     ..    ^  pin  cos  fliii  cos  <\n 

Jigiii—Jiiigi  Jigiii~—Jii\gi 

—  />o  cos  «o  cos  I'o  +  (A'V  —  ^iii{A')i  +  ^i(A')iii  =  o 

where  the  (X)  (similarly  the  (F)  and  (Z)  in  the  remaining  two 
equations)  are  the  solar  coordinates,  corrected,  to  eliminate  parallax, 
by  the  formula  given  in  3  of  the  foregoing  'Notes.'  These  coordi- 
nates are  referred  to  the  beginning  of  the  year  and  apply  to  the 
actually  observed  dates. 

The  solution  of  the  fundamental  equations  gives  at  once 

.       c^  D'  +  cy  D"  +  cz  D"' 
A= "^ 

where  the  D's  are  simple  functions  of  the  uncorrected  observations, 
and 


c.  =  (A')o  -  .     '^"'    ^  (A') .  +         ^'         (A-),,, 

/i^iii^iiiiTi  Ji£:iii^iiigi 


or  otherwise 


-(^^''»-{SSf'^^''-feS](^'" 


and  where  cv,  c  are  given  by  similar  expressions.  If  not  previously 
available,  a  first  approximation  to  the  triangular  ratios  may  be  ob- 
tained by  the  'Short  Method,  etc'  Next  p^,  pm,  .r^',  y/ ,  and  s^'  are 
obtained  by  simple  expressions.  The  accuracy  of  the  initial  values 
of  the  ratios  of  the  triangles  is  now  tested  by  recomputing  them 
from  closed  expressions  or  by  the  series.  Any  disagreement  between 
the  initial  and  final  values  is  removed  by  means  of  dififerential  for- 
mulas. The  elements  are  computed  by  formulae  VIII  of  the  'Short 
Method.'  The  use  of  rectangular  coordinates  as  outlined  in  the 
paper  presents  many  advantages  and  is  applicable  to  long  arcs. 


THE  SOLUTION  OF  AN  ORBIT  IRRESPECTIVE  OF 
PARALLAX  AND  ABERRATION. 

BY  A.  0.  LEUSCHNER. 

In  the  'Method  of  Computing  Orbits  in  Rectangular  Coordinates' 
the  effects  of  parallax  and  aberration  are  fully  eliminated,  except  in 
the  expressions  for  the  ratios  of  the  triangles,  in  which  the  0  's  are 
affected  by  the  difference  of  planetary  aberration  {e.  g.,  ^11  = 
/;(^iii  —  fi)  ).  In  certain  rare  cases,  particularly  for  very  short  in- 
tervals, the  d;  Cy,  C:  become  so  small  that  the  solution  will  become 
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indeterminate  unless  the  accurate  differences  in  planetary  aberration 
can  be  introduced  at  the  start.  In  a  first  orbit,  therefore,  recourse 
is  had  to  eliminating  the  first  powers  of  the  differences  in  aberra- 
tion, by  segregating  the  first  powers  of  the  6's  as  factors  from 
cx,  cy,  ci  and  then  replacing  them  by  expressions  involving  the  differ- 
ences of  aberration,  c.  g., 

61  =  6'  —  ka(pui  — pi). 
The  fundamental  equations  then  take  the  form 

api  -f-  bpo  -j-  cpiu  -{-  d  -{-  kaepnipi  -\-  kafp^upo  -\-  kagp„p^  =  o, 
where  a  is  the  aberration  factor. 

The  solution  of  these  equations  is  reduced  to  the  solution  of  two 
equations  of  the  form 

Po  =  /(piii  —  Pi)    and    pm  —  pi  =  0(po) 
from  which  (pm — p^)  and  p^  are  obtained. 

THE  ORBIT  OF  COMET  1902  a. 

BY  A.  O.  LEUSCHNER. 

The  paper  contains  a  preliminary  report  on  the  investigation  of 
the  orbit  of  comet  1902  a.  A  preliminary  orbit  based  on  three  obser- 
vations, of  which  the  third  represented  a  single  micrometric  measure 
in  a  and  8  was  published  shortly  after  the  appearance  of  the  comet. 
The  elements,  which  were  computed  by  the  'Short  Method,'  indi- 
cated an  unusually  short  period.  A  comparison  of  the  sum  of  the 
squares  of  the  residuals  from  the  elliptic  with  those  from  a  para- 
bolic orbit  computed  at  Kiel  gave  the  following  results  for  the  first 
nine  observations ; 

Parabolic   Orbit,       [vv]  =  2985 
Elliptic  Orbit,  [vv]  =    711 

For  further  investigation  the  observations  were  grouped  into  six 
places,  three  of  which  represent  single  observations,  one  was  based 
on  two,  one  on  three,  and  one  on  five  observations.  The  best  three  of 
these  were  selected  for  the  improvement  of  both  the  parabolic  and 
elliptic  orbits.  The  final  parabolic  orbit  is  completed  and  does  not 
represent  the  observations  so  well  as  the  preliminary  elliptic  orbit. 
In  determining  the  final  elliptic  orbit  many  difficulties  were  en- 
countered which  led  to  the  theoretical  results  given  in  the  foregoing 
papers.    The  calculation  of  an  orbit  irrespective  of  paralla.x  and  aber- 
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ration  has  just  been  undertaken.  A  preliminary  improvement  of  the 
orbit  gave  evidence  that  the  first  results  concerning  a  very  short 
period  will  be  substantiated.  The  following  students  and  assistants 
have  taken  part  in  the  computations:  Dr.  R.  T.  Crawford;  Messrs. 
H.  K.  Palmer,  Joel  Stebbins,  Ralph  Curtiss,  C.  A.  G.  Weymouth, 
Fellows  in  the  Lick  Observatory ;  and  JMiss  A.  M.  Hobe. 

THE  PHOTOHELIOGRAPH  OF  THE  U.  S.  NAVAL  OBSER- 
VATORY :  ITS  USE  AND  DEFECTS  IN  STAR 
PHOTOGRAPHY. 

BY  G.  H.  PETERS. 

This  paper  dealt  with  the  changes  made  in  the  instrument  during 
the  past  four  years.  A  considerable  variation  of  focal  length  has 
been  found,  amounting  to  about  one-half  inch,  between  the  tem- 
perature of  summer  and  winter.  In  a  proposed  new  and  larger 
instrument,  some  defects  due  to  the  attached  building  are  to  be 
avoided. 

The  use  of  Jena  glass  No.  0.2164  combined  with  No.  0.2001,  with 
an  alternative  of  No.  0.164,  is  suggested  for  this  lens,  to  reduce  the 
secondary  spectrum  to  a  minimum. 

Attention  was  called  to  the  necessity  of  a  study  of  the  thermo- 
focal  changes  in  long  focus  lenses,  to  be  used  in  eclipse  work. 

RESULTS  OF  MERIDIAN  OBSERVATIONS  FOR  STELLAR 
PARALLAX  MADE  AT  THE  WASHBURN  OBSER- 
VATORY, UNR'ERSITY  OF  WISCONSIN. 

BY  ALBERT  S.  FLINT. 

Results  were  presented  for  a  list  of  ninety-six  stars  whose  dis- 
tances from  the  solar  system  were  to  be  determined.  This  list  con- 
sists mainly  of  stars  whose  proper  motion,  or  drift  across  the  heav- 
ens, is  comparatively  large ;  and  these  results  show  that,  on  the 
average,  the  larger  this  apparent  motion,  the  nearer  the  star.  These 
observations  were  forwarded  to  Professor  Kapteyn,  of  Groningen, 
Holland,  who  made  use  of  them  in  an  important  investigation  of 
the  structure  of  the  heavens. 
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PRELIMINARY  STATEMENT  OF  THE   MAGNETIC  DIS- 
TURBANCES COINCIDENT  WITH  THE  RECENT 
ERUPTION  IN  MARTINIQUE. 

BY   h.   A.   BAUER. 

The  disturbances  of  the  magnetic  needle  coincident  with  the  vol- 
canic eruptions  of  May  8  and  20  were  felt  practically  simultaneously 
at  the  four  Coast  and  Geodetic  Survey  magnetic  observatories  situ- 
ated respectively  at  Cheltenham  (Maryland),  Baldwin  (Kansas), 
Sitka  (Alaska)  and  Honolulu  (Hawaiian  Islands). 

In  response  to  a  circular  sent  by  the  Superintendent  of  the  Coast 
and  Geodetic  Survey  records  have  been  received  from  the  principal 
foreign  observatories.  A  cursory  examination  of  these  records 
shows  the  disturbances  and  that  they  occurred  practically  simul- 
taneously at  all  of  the  observatories  thus  far  heard  from.  An  exam- 
ination of  the  records  indicates  that  apparently  there  were  premoni- 
tory symptoms  a  month  before  the  actual  outbreak.  The  records 
will  be  subjected  to  a  critical  discussion,  with  the  view  of  settling 
definitely  whether  the  cause  of  these  remarkable  disturbances  had 
its  source  within  or  outside  of  the  earth's  crust. 

A  comparison  of  these  effects  was  made  with  that  which  had 
revealed  itself  during  the  total  solar  eclipse  of  May  28,  1900,  and  also 
the  more  recent  one  of  May  18,  1901.  It  was  shown  that  the  eclipse 
effect  is  not  in  any  sense  to  be  classed  as  a  magnetic  disturbance,  but 
that  it  is  of  the  periodic  variation  kind  and  is  precisely  similar  in 
character  to  the  solar  diurnal  variation. 

PRELIMINARY  NOTE  ON  THE  TOTAL  LIGHT 
OF  THE  STARS. 

BY  SIDNEY  D.  TOWNLEY. 

While  engaged  in  photometric  work  at  the  Lick  Observatory  dur- 
ing the  past  summer  a  few  experiments  were  made  to  determine 
the  amount  of  light  received  from  the  sky  at  night  when  the  moon 
is  not  shining.  This  work  was  undertaken  at  the  request  of  Direc- 
tor Campbell,  to  whom  the  problem  was  suggested  by  Professor 
Newcomb. 

Both  visual  and  photographic  methods  are  applicable  to  the 
solution  of  this  problem,  and  Professor  Newcomb  has  already  em- 
ployed some  of  the  visual  methods,  the  results  of  which  were  print- 
ed in  the  Astrophysical  Journal,  December,  1901.  My  efforts  were 
directed   almost  exclusively   to  perfecting  a  photographic  method. 
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The  results  thus  obtained  are  meager,  but  it  is  believed  that  a  reliable 
method  has  been  found. 

The  method  adopted  is,  indeed,  ver}'  simple.  Both  lenses  were 
removed  from  the  Crocker  photographic  telescope  and  a  cardboard 
cap  of  three  centimeters  diameter  attached  to  the  end  of  the  telescope 
tube.  An  exposure  of  one  hour  was  made  upon  a  bright  star  and 
the  result  was,  of  course,  an  impression  on  the  plate  of  the  size  and 
shape  of  the  aperture.  Exposures  were  then  made  upon  the  sky  by 
means  of  four  camera  boxes,  consisting  simply  of  aperture  and  plate, 
attached  to  a  polar  axis  made  of  a  piece  of  4  x  4.  The  angular 
apertures  used  varied  from  five  to  ten  degrees.  The  five  plates  were 
developed  at  the  same  time  in  a  large  tray,  and  their  relative  in- 
tensities measured  by  means  of  a  Lummer-Brodhun  photometer. 

In  the  very  limited  length  of  time  which  I  had  to  devote  to  this 
work  it  was  possible  to  obtain  only  a  few  sets  of  plates.  Two  of 
these  sets  give  reliable  results.  In  each  Vega  was  the  comparison 
star  used.  In  the  one  the  camera  boxes  were  directed  to  the  sky 
about  half  way  between  7  Pegasi  and  /?  Ceti,  in  the  other  to  the 
Milky  Way  nearest  Vega. 

The  results  are,  from  the  first,  that  the  light  of  Vega  is  equivalent 
in  actinic  intensity  to  the  light  received  from  an  area  of  rather 
vacant  non-galactic  sky  7°  i6'.4  in  diameter,  from  the  second,  that 
the  light  of  Vega  is  equivalent  to  the  light  received  from  an  area 
of  galactic  sky  5°  iq'.S  in  diameter.  This  gives  galactic  sky  to  be 
1.9  times  brighter  than  non-galactic  sky.  If  we  take  the  magnitude 
of  Vega  to  be  0.2,  then  from  the  first  result  we  find  that  the  light 
received  from  an  area  of  non-galactic  sky  one  degree  in  diameter  is 
equal  to  the  light  of  a  4.5  magnitude  star,  which  is  not  far  from  the 
result  obtained  by  Professor  Newcomb,  namely,  that  the  light  re- 
ceived from  an  area  of  non-galactic  sky  one  degree  in  diameter  is 
equal  to  0.9  the  light  of  5.0  magnitude  star. 

PHOTOMETRIC  AND  PHOTOGRAPHIC  OBSERVATIONS 
OF  FAINT  VARIABLE  STARS. 

BY  J.  A.  PARKHURST. 

In  the  course  of  this  work  at  the  Yerkes  Observatory  several  stars 
have  been  found  whose  brightness  at  minimum  is  at  or  below  the 
limit  of  the  forty-inch  refractor.  To  illustrate  three  specimen  fields, 
lantern  slides  were  prepared  from  negatives  taken  with  the  twenty- 
four-inch  reflector,  covering  a  field  of  30'  around  the  variable,  cor- 
responding to  the  inner  square  of  Hagen's  charts. 
^220  S  Cygni. — Plate  taken  November  24,  1902,  exposure  61  min- 
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utes  The  variable  is  about  tlie  eleventh  magnitude;  its  greatest 
range  of  variation  is  from  the  eighth  to  the  sixteenth  magnitude,  being 
approximately  equal  at  maximum  to  the  star  i'  north,  and  at  mini- 
mum to  the  star  o'.5  preceding. 

/4fi8  V  Dclphini. — Plate  taken  September  7,  1902,  exposure  68  min- 
utes. This  star  has  perhaps  the  greatest  range  of  any  known 
variable.  At  the  maximum  of  1899  it  reached  nearly  the  seventh 
magnitude,  at  minimum  it  is  about  the  seventeenth  magnitude.  As 
shown  on  the  slide  it  is  tenth  magnitude,  at  its  faintest  it  is  equal  to 
the  small  star  o'.2  south. 

7^82  X  Cephei. — Plate  taken  March  13,  1902,  when  the  variable  was 
photographically  fainter  than  seventeenth  magnitude,  and  visually 
below  the  limit  of  the  forty-inch  when  using  the  eyepiece  of  the 
photometer,  power  237.  The  magnitude  at  maximum  is  9.7,  equal 
to  the  star  4'  south,  i'  following. 

The  work  in  progress  includes  determination  of  the  photometric 
magnitudes  of  comparison  stars  for  25  faint  variables,  using  the 
equalizing  wedge  photometer  devised  by  Professor  E.  C.  Pickering, 
in  connection  with  telescopes  of  six,  twelve  and  forty  inches  aperture  ; 
connecting  the  comparison  stars  with  Harvard  and  Potsdam  stand- 
ards in  the  neighborhood ;  also  visual  comparisons  by  Argelander's 
method,  and  photographs  of  the  fields  for  the  purpose  of  certain 
identification  of  the  comparison  stars,  and  for  determining  the  bright- 
ness of  the  variable  when  below  the  visual  limit  of  the  telescopes 
used. 


No  abstracts  are  available  for  the  following  papers  which  were  also 
presented  at  this  meeting. 

On  Certain  Matters  Concerning  Spectroscopic  Methods.  By  W. 
J.  Humphreys. 

The  Wave-length  of  Rydberg's  First  Line  of  Hydrogen  (A.  4686) 
and  Others.    By  E.  B.  Frost  and  W.  S.  Adams. 

Periodic  Solutions  of  the  Problem  of  Four  Bodies.  By  E.  O. 
Lovett. 

On  the  Integrals  of  the  Problem  of  n  Bodies.    By  E.  O.  Lovett. 

The  New  Gases,  Neon,  Krvpton  and  Zenon  in  the  Chromosphere. 
By  S.  A.  Mitchell. 

Astronomical  Laboratory  Work  for  Large  Classes.  By  Sarah  F. 
Whiting. 

The  Pressure  of  Light  and  its  Illustration  in  the  Construction  of  a 
Laboratorv  Comet's  Tail.    Bv  E.  F.  Nichols  and  G.  F.  Hull. 


FIFTH  MEETING 

The  fifth  annual  meeting  of  the  Astronomical  Society  was  held  in 
the  Central  High  School  Building,  at  St.  Louis,  Missouri,  on  Tues- 
day and  Wednesday,  December  29  and  30,  1903,  in  affiliation  with 
the  American  Association  for  the  Advancement  of  Science. 

The  attendance  was  the  smallest  of  any  meeting  in  the  history  of 
the  Society,  less  than  twenty  members  were  present.  Three  ses- 
sions were  held  for  the  reading  and  discussion  of  papers,  the  first 
on  Tuesday  afternoon,  the  others  on  Wednesday  morning  and  after- 
noon. The  session  on  Wednesday  morning  was  a  joint  one  with 
Section  A  of  the  American  Association. 

On  Wednesday  afternoon  officers  were  elected  as  follows : 

President Simon    Newcomb 

First  Vice-President George  E.  Hale 

Second  Vice-President W.  W.  Campbell 

Treasurer C.  L.  Doolittle 


^         .,        r      ^  (    E.  C.  Pickering 

Councilors  for  two  years J 


R.  S.  Woodward 


Professors  George  C.  Comstock  and  W.  S.  Eichelberger  were 
elected  members  of  the  Council  of  the  American  Association  for  the 
Advancement  of  Science  from  the  Astronomical  and  Astrophysical 
Society  of  America. 

Professor  Eichelberger  was  chosen  Editor  for  the  meeting. 


ABSTRACTS  OF  PAPERS 

THE  D.  O.  MILLS  EXPEDITION. 

BY  W.  W.  CAMPBELL. 

The  observing  station  of  the  D.  O.  Mills  expedition  from  the 
I/ick  Observatory  to  the  Southern  Hemisphere  was  completed  in 
October.  It  is  located  on  the  summit  of  San  Cristobal  in  the  north- 
eastern suburbs  of  Santiago,  Chile.  Its  elevation  above  the  city  is 
about  nine  hundred  and  fifty  feet,  the  altitude  of  Santiago  above 
sea  level  being  eighteen  hundred  feet.  The  distance  from  the  cen- 
ter of  the  citv  is  about  two  miles. 
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The  expedition  is  in  charge  of  Acting  Astronomer  W.  H.  Wright, 
who  is  assisted  by  Dr.  H.  K.  Palmer. 

The  unfortunate  delays  encountered  in  completing  the  mirrors  for 
the  reflecting  telescope  made  it  unavoidable  that  the  expedition 
should  reach  Chile  at  the  beginning  of  the  southern  winter — the 
rainy  season.  San  Cristobal  was  selected  as  the  site  early  in  June. 
The  expedition  reached  Chile  just  a  few  days  before  the  breaking 
out  of  very  serious  labor  troubles.  This  and  the  storms  of  winter 
made  the  construction  of  the  observatory  on  the  summit  one  of  con- 
siderable difficulty.  The  requirements  for  erecting  the  Warner  and 
Swasey  steel  dome,  the  reflecting  telescope,  the  electric  power  line 
from  the  valley  to  the  summit,  etc.,  could  not  be  met  by  skilled  labor 
obtainable  in  Chile,  and  the  astronomers  were  called  upon  the  sup- 
ply this  almost  entirely  themselves. 

Up  to  October  9,  1903,  spectrograms  had  been  secured  for  de- 
termining the  speeds  of  twenty  stars,  and  ere  this  the  number  is 
undoubtedly  much  greater.  At  the  time  of  writing,  photographs  of 
the  dome,  office  building  and  general  surroundings  have  not  been 
received. 

The  completion  of  the  extensive  installation  in  the  four  winter 
months,  in  spite  of  lack  of  skilled  assistance  and  the  frequent  inter- 
ruptions by  storms,  together  with  the  securing  of  a  considerable 
number  of  spectrograms,  is  sufficient  testimony  that  numerous  and 
valuable  results  will  be  secured  in  the  time  assigned  for  the  work. 

THE  SUN'S  MOTION  RELATIVE  TO  A  GROUP  OF 
FAINT  STARS. 

BY  GEORGE  C.   COM  STOCK. 

A  year  ago  the  author  presented  to  this  Society  a  set  of  proper 
motions  of  faint  stars  (ninth  to  twelfth  magnitude,  distributed 
throughout  the  twenty-four  hours  of  right  ascension)  determined 
from  micrometric  observations  extending  over  a  period  of  about 
half  a  century.  During  the  past  year  the  author  derived  from  these 
proper  motions  a  determination  of  the  direction  and  magnitude  of 
the  sun's  motion,  using  Airy's  method  for  the  formation  of  the 
necessary  equations.  This  method  requires  that  some  assumption 
shall  be  made  with  regard  to  the  distance  of  each  star  employed, 
and  for  this  purpose  the  author  used  an  extrapolation  of  Kapteyn's 
formula,  which  represents  this  distance  as  a  function  of  the  proper 
motion  and  stellar  magnitude. 

The  author  has  thus  derived  from  absolutely  new  data,  no  one  of 
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the  proper  motions  employed  having  entered  into  any  previous  in- 
vestigation, the  following  coordinates  of  the  apex  of  the  solar 
motion : 

R.A.  =  297°,  Decl.  =  +  28°. 

The  mean  result  of  previous  determinations  from  brighter  stars  is 

R.A.  =  275°,  Decl.  =  +  30°. 

The  present  solution  furnishes  as  the  linear  velocity  of  the  sun's 
motion  4.8  radii  of  the  earth's  orbit  per  annum,  which,  compared 
with  Campbell's  spectroscopic  result,  4.2  radii  per  annum,  indicates 
that  the  assumed  parallaxes  of  the  stars  are  not  greatly  in  error. 
Adjusting  the  assumed  distances  so  that  the  resulting  solar  velocity 
shall  agree  with  the  spectroscopic  determination,  the  author  finds 
for  the  average  parallax  of  sixty-seven  stars  included  between  the 
ninth  and  twelfth  magnitudes,  ■ir  =  o".oo5i. 

This  number,  sixty-seven  stars,  represents  the  entire  amount  of 
data  at  the  author's  disposal,  no  proper  motion  having  been  re- 
jected in  the  discussion,  but  it  is  doubtless  too  small  a  basis  for  a 
determination  of  the  elements  of  the  solar  motion  and,  at  least  pro- 
visionally, the  author  prefers  to  interpret  the  results  noted  above,  as 
evidence  that  the  proper  motions  obtained  for  these  faint  stars  are 
real  quantities  and  that  the  methods  employed  for  their  determination 
may  with  advantage  receive  wider  application.  The  author  has  now 
in  hand  a  similar  determination  of  proper  motions  of  all  stars  fainter 
than  the  eighth  magnitude  for  which  suitable  data  can  be  obtained 
from  the  earlier  double  star  observations  of  the  Struves. 

PHOTOGRAPHS  OF  COMET  1903  c  (BORELLY). 

BY   SEB.\STI.\N    ALBRECHT. 

This  paper  gave  a  preliminary  account  of  results  obtained  from 
thirty-seven  photographs  of  the  comet  taken  at  the  Lick  Observa- 
tory. The  photographs  show  that  the  comet  had  two  distinct  types 
of  tails— one  very  much  curved  and  short,  never  much  exceeding 
a  degree  and  a  half  in  length,  the  other  long,  and  in  its  general  di- 
rection straight.  Measures  of  the  long  tail  show  that  its  average 
lag  behind  the  radius  vector  was  less  than  two  degrees. 

The  period  from  the  22d  to  the  26th  of  July  was  one  of  unusual 
activity  in  the  comet.  The  plates  of  July  23,  24  and  26  show  de- 
tached portions  of  the  main  tail,  indicating  changes  in  the  emission 
of  cometary  matter  from  the  head.  From  a  comparison  of  the  Lick 
plate  of  July  24  with  two  plates  of  the  same  date  taken  at  the  Yerkes 
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Observatory  and  one  taken  at  Nanterre,  an  average  recession  from 
the  head  of  thirty-five  miles  per  second  was  obtained  for  a  detached 
section  of  the  main  tail.  This  is  equivalent  to  thirteen  miles  per 
second  relative  to  the  sun. 

The  paper  was  accompanied  by  slides  showing  the  principal  fea- 
tures of  the  comet. 

A  more  complete  account  of  results  has  been  published  in  a  Bulle- 
tin of  the  Lick  Obserz-atory. 

THE  EROS  PARALLAX  PHOTOGRAPHS  AT  THE 
GOODSELL  OBSERVATORY. 

BY  H.  C.  WILSON. 

Some  of  the  results  of  the  measurements  of  photographs  taken 
with  the  eight-inch  photographic  telescope  at  the  Goodsell  Observa- 
tory were  exhibited.  A  rough  solution  of  the  equations  derived  from 
the  best  situated  plates  gives  for  the  solar  parallax  8".ygg.  Similar 
equations  from  the  published  results  from  photographs  taken  at  the 
Bordeaux  and  Paris  Observatories  give  for  the  parallax  8". 798  and 
8".794  respectively. 

ADDITIONAL  PAPERS. 

The  following  additional  papers  were  presented  at  this  meeting, 
for  which  abstracts  have  not  been  received. 

The  Prediction  of  Occulations  of  Stars  by  the  Moon.  By  G.  W. 
Hough. 

The  Absorption  of  Solar  Radiation  bv  the  Sun's  Atmosphere.  By 
F.  W.  Very. 

The  Pivots  of  the  Nine-Inch  Transit  Circle  of  the  United  States 
Naval  Observatory.     By  W.  S.  Eichelberger. 

A  Short  Sketch  of  the  Progress  of  Astronomy  in  the  United 
States.    By  M.  S.  Brennan. 


SIXTH  MEETING 

The  sixth  meeting  of  the  Astronomical  Society  was  held  on  Tues- 
day, Wednesday,  Thursday  and  Friday,  December  27-30,  1904,  in 
room  106,  College  Hall,  University  of  Pennsylvania,  at  Philadelphia, 
in  affiliation  with  the  American  Association  for  the  Advancement  of 
Science.  There  were  three  sessions  for  the  reading  and  discussion 
of  papers  and  the  transaction  of  business,  held  on  the  afternoons 
of  Wednesday,  Thursday  and  Friday.  Thirty-six  members  were 
present  at  the  meeting,  and,  including  visitors,  the  average  attend- 
ance at  the  sessions  was  about  fifty. 

During  the  meeting  a  number  of  members  availed  themselves  of 
the  invitations  by  Professor  Doolittle,  Director  of  the  Flower  Ob- 
servatory of  the  University  of  Pennsylvania,  at  Upper  Darby,  and 
by  Professor  Snyder,  Director  of  the  Philadelphia  Observatory,  to 
visit  and  inspect  the  extensive  astronomical  equipments  of  these  in- 
stitutions. A  pleasant  social  feature  connected  with  the  meeting  was 
an  informal  dinner  on  Thursday  evening,  at  Hotel  Walton,  at  which 
twenty-six  members  and  friends  were  present. 

Officers  were  elected  as  follows : 

President Simon  Xewcomb 

First  Vice-President George  E.  Hale 

Second  Vice-President W.  W.  Campbell 

Treasurer C.  L.  Doolittle 

r.         -1        r      ,  (     Ormond  Stone 

Louncilors  for  two  vears <    ,,,   ,^   „.  ,    ,, 

(     \v.  S.  Eichelberger 

On  account  of  the  contemplated  absence  from  the  country  of  Pro- 
fessor Geo.  C.  Comstock  for  the  greater  part  of  the  year  1905,  Pro- 
fessor W.  S.  Eichelberger  was  appointed  Acting  Secretary  by  the 
Council.  Professor  Frank  B.  Littell  was  chosen  Editor  for  the  meet- 
ing. 

Early  in  1904  the  National  Academy  of  Sciences  appointed  a  com- 
mittee to  fomiulate  plans  for  securing  international  cooperation  in 
solar  research.  This  committee  requested  the  appointment  of  a  simi- 
lar committee  from  the  Astronomical  Society  to  cooperate  with  them, 
and  during  the  summer  such  committee  had  been  appointed  by  the 
President  of  the  Society.  At  this  meeting  the  Council  made  this  a 
standing  committee  of  the  Society. 
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ABSTRACTS  OF  PAPERS 

THE  CONSTANT  OF  ABERRATION. 

BY  C.   L.  DOOI,ITTLE. 

The  systematic  observation  for  variation  of  latitude  was  begun  by 
the  author  December  i,  1889.  This  work  has  been  kept  up  with 
some  interruptions  since  that  time.  In  1896  was  begun  at  the  Flower 
Observatory  a  series  which  it  was  proposed  to  continue  on  a  uniform 
plan  for  a  period  of  seven  years.  This  design  was  carried  out  with 
but  little  departure  from  the  original  program.  Observation  on  this 
series  was  terminated  December,  1903. 

Work  is  now  in  progress  on  a  more  comprehensive  plan,  two  in- 
struments being  employed,  viz.,  the  five  and  one-half-inch  zenith 
telescope,  and  the  eight-inch  Wharton  refle.x  zenith  tube. 

The  close  of  the  former  series  seems  to  mark  the  proper  time  for 
bringing  together  the  values  of  the  aberration  constant  which  have 
been  obtained,  and  for  combining  them  to  form  a  mean  which  may 
be  considered  final  so  far  as  may  be  shown  by  these  observations. 

The  different  values  found  are  as  follows : 


SAYRB    OBSERVATORY,    SOUTH 

BBTHLBHEM 

DATB 

ABERRATION 

NO.    PAIRS 

WBIGHT 

1889  Dec.    1—1890  Dec.    13 
1892  Oct.  10—1893  Dec.   27 
1894  Jan.  19 — 1895  May    16 

20". 448  ±   .014 
20    .551          .009 
20    .537          .014 

1479 
2900 
1989 

0 

I 
I 

FLOWER   OBSERVATORY,    PHILADELPHIA 


1896  Oct.  19-1898  Aug.  16 

1898  Oct.    8—1899  Nov.  27 

1900  May   5 — 1901  Aug.  30 

1901  Oct.    3 — 1902  Dec.  I 
1903  Jan.  22 — 1903  Dec.  7 


20". 580  ±  .008 
20  .540  .010 
20  .561  .008 
20  .513  .009 
20  .524       .009 


The  reasons  which  have  led  to  assigning  the  weight  o  to  the  first 
determination  will  be  found  fully  set  forth  in  connection  with  the 
published  results  of  this  series,  given  in  the  Transactions  of  the 
American  Philosophical  Society,  Vol.  XX,  p.  318. 

For  various  reasons  which  are  fully  explained  elsewhere  the  first 
series  at  the  Flower  Observatory  is  not  thought  to  be  as  reliable  as 
the  following  ones.    It  has  accordingly  been  assigned  weight  i,  the 
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four  remaining  values  being  given  weight  2.     Combining  according 
to  these  weights,  we  find  for  the  mean, 

2o".540  ±  o".oo55 

I  wish  this  to  be  regarded  as  the  definitive  vaUie  of  this  constant  as 
derived  from  the  zenith  telescope  observations  extending  from  De- 
cember, 1889,  to  December,  1903. 

THE  TEST  OF  A  TRANSIT  MICROMETER. 

BY  JOHN  F.  HAYFORD. 

When,  in  connection  with  an  astronomical  transit  as  used  for  time 
observations,  a  transit  micrometer  and  chronograph  are  substituted 
for  a  system  of  fixed  lines  in  the  diaphragm,  a  telegraphic  key  and 
the  chronograph,  the  observer  is  relieved  of  the  necessity  of  operat- 
ing the  key  at,  or  as  soon  as  possible  after,  each  of  the  several  in- 
stants of  transit  of  the  star  across  the  fixed  lines.  Instead,  he  is  re- 
quired simply  to  keep  the  star  image  bisected  continuously  by  the 
movable  micrometer  line  during  its  progress  across  the  field  of  view. 
In  the  new  process  of  thought  the  element  of  time  enters  only  in  an 
indirect  manner.  Hence,  with  a  transit  micrometer,  the  personal 
equation  becomes  so  nearly  zero,  and  its  variation  so  nearly  zero,  that 
it  is  difficult  to  prove  that  they  are  not  both  absolutely  zero.  The 
personal  equation  is  one  of  the  most  serious  sources  of  error  in  all 
time  determinations  and  determinations  of  right  ascension.  The 
destiny  of  the  transit  micrometer  is  to  produce  a  decided  increase  in 
accuracy  in  this  class  of  observations  without  increase  of  effort  or 
cost. 

The  observation  of  star  transits  by  means  of  a  movable  transit 
line  was  first  suggested  in  1865  by  Director  Carl  Braun  of  the 
Kalocsa  Observatory.  He  believed  that  it  was  necessary  to  have  the 
movable  line  driven  by  clockwork.  He  failed  to  construct  a  satis- 
factory apparatus. 

Repsold,  the  well-known  instrument  maker,  was  the  first  to  sug- 
gest in  print,  in  1889,  that  no  clockwork  is  required.  He  constructed 
a  hand-driven  transit  micrometer  with  which  excellent  results  were 
secured. 

The  Prussian  Goedetic  Institute  put  the  Repsold  hand-driven 
transit  micrometer  into  use  on  portable  instruments  in  making  tele- 
graphic longitude  determinations  in  1891,  and  has  continued  its 
use  to  the  present  time.  In  all,  it  has  been  used  in  ten  longitude 
determinations. 
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Utilizing  the  published  past  experience  with  transit  micrometers 
Mr.  E.  G.  Fischer,  Chief  of  the  Instrument  Division,  Coast  and 
Goedetic  Survey,  designed  and  constructed  in  the  winter  of  1903-4 
the  transit  micrometer  which  is  before  you,  and  which  is  adapted  for 
use  on  the  transits  ordinarily  used  in  longitude  determinations.  It 
is  a  hand-driven  transit  micrometer. 

It  is  so  well  designed  and  constructed  that  in  the  extensive  tests. 
to  which  I  shall  refer  in  a  moment,  it  never  required  the  slightest 
change  in  adjustment,  not  even  of  the  pressure  of  the  contact  spring, 
and  not  a  single  record  was  ever  lost  on  account  of  any  failure  of 
the  transit  micrometer  to  operate  properly. 

A  peculiar  and  important  feature  of  this  transit  micrometer  is  an 
automatic  switch  which  operates,  without  the  slightest  attention  from 
the  observer,  in  such  a  manner  that  a  record  is  made  on  the  chrono- 
graph for  the  middle  four  turns  of  the  field,  and  for  those  turns  only. 
This  positively  identifies  those  four  turns,  keeps  the  chronograph 
sheet  clear,  and  enables  the  observer  to  practice  following  the  star 
during  the  earlier  part  of  its  transit  without  afifecting  the  chrono- 
graph sheet  in  any  way. 

In  March,  April  and  May,  1904,  this  instrument  was  tested  by 
seventy-five  time  sets  on  eighteen  nights  at  the  Coast  and  Geodetic 
Survey  office.  Sixteen  observers  took  part  in  this  test.  The  obser- 
vers were  purposely  selected  so  as  to  include  some  with  little  or  no 
experience  in  any  kind  of  observation,  some  with  long  experience  in 
astronomical  observations  and  in  handling  various  instruments  of 
precision,  and  some  of  various  grades  between  these  two  extremes. 
Two  observers  worked  at  the  same  time,  observing  alternate  stars, 
and  thus  obtaining  a  determination  of  their  relative  personal  equa- 
tion. One  of  the  sixteen  observers  was  in  the  test  continuously,  and 
became  thoroughly  accustomed  to  the  instrument  and  method  of 
observation,  and  served  as  an  intermediary  through  whom  all  the 
other  observers  could  be  compared  with  each  other. 

The  tests  show  that  for  a  practiced  observer  with  such  a  transit 
micrometer,  the  total  error  for  a  star,  including  errors  which  are 
constant  for  all  the  records  as  well  as  the  accidental  errors  of  bisec- 
tion, is  nearly  the  same  for  stars  of  all  declinations  if  expressed  in 
angular  magnitude.  This  is  what  should  be  expected  if  the  errors 
concerned  are  of  the  same  nature  as  if  the  object  pointed  upon  were 
stationary  instead  of  moving. 

The  accidental  errors  of  bisection  are  nearly  the  same  expressed 
in  angular  magnitude  for  stars  of  all  declinations  up  to  59°.  and  are 
probably  somewhat  less  for  stars  of  greater  declination.  This  is  an 
indication  that  the  accidental  errors  of  bisection  are  of  the  same 
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nature  as  if  the  image  pointed  upon  were  stationar}',  the  indication 
being  partly  contradicted  by  the  smaller  errors  for  stars  of  declina- 
tion greater  than  58°. 

Good  observations  can  be  secured  at  once  with  the  transit  micro- 
meter without  previous  practice.  Practice  simply  reduces  the  acci- 
dental errors  by  about  25  per  cent.  I  feel  that  I  may  speak  with 
assurance  on  this  topic,  for  each  of  the  sixteen  observers  was  forced 
to  begin  observing  on  the  first  star  that  appeared  on  his  field  of  view, 
with  no  previous  experience  whatever.  This  point  is  emphasized  for 
the  reason  that  I  had  been  led  to  expect  that  long  practice  would  be 
necessary  before  an  observer  could  be  sent  to  the  field  with  a  transit 
micrometer.  The  accidental  error  of  a  single  record  with  the  transit 
micrometer  is  about  the  same  as  that  of  a  single  record  with  a  key. 
During  the  first  half  of  the  tests  the  driving  heads  were  geared 
to  make  one  turn  in  2^4,  when  observing  an  equatorial  star.  During 
the  last  half  of  the  tests  the  driving  heads  were  geared  to  turn  one 
half  as  fast,  namely,  one  turn  in  4^8.  This  extreme  change  in  speed 
produced  surprisingly  little  effect  on  the  accuracy  of  the  results. 
With  this  instument  the  speed  of  4^.8  per  turn,  or  possibly  a  slightly 
slower  speed,  is  believed  to  be  most  favorable  to  accuracy. 

The  tests  show  that  the  relative  personal  equation  between  any 
two  observers  with  the  transit  micrometer  is  so  small  as  to  be  masked 
by  the  accidental  errors  of  observation.  This  is  equivalent  to  saying 
that  it  is  probably  less  in  every  case  than  ^.05,  and  is,  as  a  rule, 
much  smaller  than  this.  The  relative  personal  equation  with  a  transit 
micrometer  is  certainly  not  more  than  one  tenth  as  large,  upon  the 
average,  as  with  a  key.  This  conclusion  as  to  the  relative  personal 
equation  applies  to  inexperienced  as  well  as  to  experienced  observers. 
The  literature  of  the  transit  micrometer  shows  abundant  corrob- 
oration of  these  conclusions  as  to  the  relative  personal  equation. 

It  is  difficult  to  detect  constant  or  systematic  errors  of  any  kind 
in  transit  micrometer  observations.  All  the  errors  seem  to  belong 
to  the  accidental  class.  This  is  far  from  being  true  of  key  observa- 
tions. 

The  transit  micrometer  is  about  to  be  put  into  use  in  the  regular 
longitude  work  of  the  Coast  and  Geodetic  Survey. 

I  predict,  basing  my  prediction  upon  the  general  experience  with 
transit  micrometers  as  well  as  on  these  particular  tests,  that  with  a 
transit  micrometer  three  nights  of  observations  without  exchange  of 
observers  will  give  as  great  accuracy  as  has  been  secured  in  the  past 
from  ten  nights  of  observations  with  a  key,  including  an  exchange 
of  observers.  This  is  a  prediction  of  which  the  truth  or  falsity  can 
only  be  proved  conclusively  by  field  experience.     I  rely  upon  such 
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experience  to  be  gained  within  the  next  five  years  to  verify  the  pre- 
diction. 

I  venture  to  predict  also  that  the  evidence  in  favor  of  the  transit 
micrometer  will  accumulate  to  such  an  extent  in  the  next  ten  years 
in  fixed  observatories,  as  well  as  with  portable  instruments,  that  the 
astronomer  who  uses  a  key  in  1914  for  accurate  time  determinations 
or  determinations  of  right  ascension  will  have  difficulty  in  furnish- 
ing adequate  explanation  of  his  conduct. 

An  illustrated  description  of  the  Coast  and  Geodetic  Survey  transit 
micrometer,  with  a  full  report  of  the  tests  referred  to  above,  and  a 
brief  resume  of  a  part  of  the  literature  of  the  transit  micrometer 
is  now  being  printed  as  an  appendix  to  the  Coast  and  Geodetic  Sur- 
vey Report  for  1904. 

REMEASUREMENT  OF  THE  HOUGH  DOUBLE  STARS. 

BY  ERIC  DOOLITTLE. 

The  catalogues  of  new  double  stars  published  by  Professor  Hough 
comprise  six  hundred  and  twenty-two  pairs,  of  which  seventy-seven 
are -closer  than  half  a  second,  one  hundred  and  forty-three  closer  than 
one  second ;  in  those  pairs  in  which  the  distance  is  greater  than  five 
seconds  the  companion  is  usually  excessively  faint ;  in  fact,  there  are 
few  of  the  stars  which  would  not  be  difficult  with  a  telescope  of 
much  less  than  eighteen  inches  aperture. 

The  measurement  of  this  fine  series  of  doubles  seems  to  have  been 
strangely  neglected.  On  a  few  of  them,  which  are  of  the  type  of 
close  pairs  of  equal  magnitudes,  as  Ho.  98,  Ho.  260,  and  Ho.  296, 
there  are  a  number  of  rather  discordant  measures,  but  the  great 
majority  have  received  no  attention  except  from  the  discoverer  him- 
self. Thus  there"  are  but  eighty-seven  pairs  which  have  been  meas- 
ured in  two  different  years,  and  on  no  less  than  three  hundred  and 
fifty-eight  there  is  but  a  single  prior  measure. 

The  entire  list  was,  therefore,  added  to  the  observing  list  for  the 
eighteen-inch  refractor  of  the  Flower  Observatory.  Thus  far,  three 
hundred  and  sixty  pairs  have  been  measured  on  three  or  more  nights 
and  many  of  the  remaining  two  hundred  and  sixty-two  are  partially 
measured.  A  single  night's  measure  consists  in  each  case  of  at  least 
four  measures  of  position  angle  and  four  of  the  double  distance. 

Change  has  been  found  in  sixteen  of  the  close  pairs,  and  among 
the  wider  ones  there  is  in  thirty-three  instances  indication  of  proper 
motion. 


212  ASTRONOMICAL  AND  ASTROPHYSICAL 

It  is  the  intention,  when  the  work  is  completed,  to  publish  a  cata- 
logue of  these  stars,  including  about  twenty  new  pairs  which  Pro- 
fessor Hough  has  discovered  since  the  last  list  was  issued. 


A  STUDY  OF  THE  DRIVING-WORMS  OF  SEVERAL  PHO- 
TOGRAPHIC TELESCOPES. 

BY  EDWARD  S.   KING. 

In  following  a  star  with  a  photographic  telescope  we  must  have 
for  the  period  of  the  exposure  a  clock  the  hour  hand  of  which  will 
indicate  the  elapsed  time  on  a  scale  graduated  to  seconds  or  less. 
We  must  have  the  equivalent  of  being  able  to  determine  the  time 
by  measuring  the  position  of  the  hour  hand  with  a  micrometer.  If 
any  periodic  error  occurs  in  the  train  of  the  driving  mechanism,  caus- 
ing the  telescope  to  be  first  in  advance  of,  and  then  behind,  its  proper 
position,  the  stellar  images  will  be  elongated  into  lines  having  a 
length  dependent  upon  the  amount  of  the  oscillation.  If  the  telescope 
follows  the  star  only  at  one  extremity  of  the  oscillation,  we  shall  have 
a  series  of  images  separated  by  trails,  or,  if  the  rate  of  the  telescope 
is  changed  more,  we  shall  have  a  trail  with  dark  knots  appearing  at 
regular  intervals.  The  number  of  the  knots  determines  the  fre- 
quency of  the  oscillation,  and  almost  invariably  indicates  the  driv- 
ing worm  or  endless  screw  as  the  offending  member. 

Such  a  periodic  error,  as  shown  by  slide  i,  is  present  in  nearly  all 
telescopes  driven  in  this  manner.  This  fact  is  not  new,  but  has  been 
recognized  for  years.  The  first  example  that  I  know  of  personally 
occurred  in  1888  with  the  Boyden  thirteen-inch  telescope.  In  1896 
the  director  asked  me  to  determine  the  periodic  error  of  two  of  our 
photographic  telescopes.  Several  series  of  measures  were  made  of 
the  eight-inch  and  the  eleven-inch  Draper  telescopes.  The  method 
was  to  view  a  point  of  the  tail-piece  through  a  fixed  microscope  fit- 
ted with  a  micrometer.  After  each  release  of  the  detent  by  means 
of  the  signals  given  by  hand,  the  position  of  the  point  was  read  and 
recorded.  The  reduction  of  these  measures  shows  that  the  oscilla- 
tion for  the  eight-inch  Draper  telescope  was  about  one  second,  and 
for  the  eleven-inch  Draper  telescope  about  two  tenths  of  a  second. 
These  figures  correspond  to  trails  of  less  than  o.oi  cm.  on  the  plate. 
Within  a  few  years  Dr.  Hartmann  has  studied  the  periodic  error  of 
the  Potsdam  refractor  and  provided  a  very  ingenious  method  of  cor- 
rection. A  full  account  of  his  work  will  be  found  in  the  Astro- 
nomische  Nachrichien,  No.  3769. 

Nothing  further  was  done  here  until  the  present  year,  when  one  of 
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the  small  cameras  was  provided  with  a  new  mounting.  The  images 
proved  to  be  lines  lying  in  the  direction  of  the  clock's  motion,  and 
might,  therefore,  be  affected  by  a  periodic  error.  I  proceeded  to 
investigate  the  difficulty  by  a  photographic  method.  The  polar  axis 
of  the  instrument  was  displaced  in  azimuth  by  a  large  amount.  Such 
a  displacement  would  cause  equatorial  stars,  particularly  when  near 
the  meridian,  to  move  over  the  plate  in  declination.  If  an  oscillation 
occurred,  it  would  appear  in  the  sinuous  character  of  the  trail.  Slide 
2,  which  is  enlarged  ten  times  from  the  original  plate,  shows  the 
result,  permitting  no  doubt  as  to  the  nature  of  the  error.  The  nu- 
merous elongated  objects  are  images  of  stars  obtained  on  the  same 
plate  in  the  ordinary  way.  It  is  seen  that  the  elongation  of  the 
images  corresponds  to  the  amplitude  of  the  oscillation  as  exhibited 
by  the  vertical  trail.  The  number  of  the  oscillations  was  fifteen  per 
hour,  which  fixes  the  responsibility  upon  the  worm.  A  similar  ex- 
periment made  with  a  worm  which  had  given  satisfactory  images 
is  shown  in  slide  3.  A  slight  irregularity  is  seen,  but  does  not  prove 
injurious.  The  same  experiment  made  with  the  eleven-inch  Draper 
telescope  did  not  show  anything  definite,  due  probably  to  the  small- 
ness  of  the  error.  It  is  possible  that  it  could  be  brought  out  by 
attaching  an  enlarging  apparatus  to  the  instrument  and  this  will  be 
tried  soon. 

The  defective  worm  and  several  others  were  also  tested  visually. 
A  telescope  of  about  four  feet  focal  length  and  having  an  eye-piece 
provided  with  a  cross  wire,  was  lashed  to  the  camera  and  directed 
to  a  scale  graduated  to  millimeters  and  placed  at  a  distance.  I  was 
thus  able  to  record  the  position  of  the  telescope  accurately.  After 
every  ten  beats  given  by  hand  to  the  driving  mechanism,  the  posi- 
tion was  read  for  a  period  covering  more  than  a  revolution  of  the 
worm,  which  occurred  in  240  seconds.  The  readings  at  the  begin- 
ning and  the  end  of  the  revolution  determined  the  average  rate  from 
which  were  found  the  positions  which  the  telescope  should  have 
occupied  for  the  intermediate  times.  A  comparison  with  the  ob- 
served positions  gave  the  periodic  error.  It  was  possible  for  the 
worm  to  be  defective  either  in  the  thread  itself  or  in  the  mounting. 
Rowland  makes  the  remark  that  the  correct  mounting  of  a  screw  is 
more  difficult  than  making  the  screw.  It  seemed  to  be  so  in  the 
present  case.  If  the  screw  was  mounted  eccentrically,  we  might 
expect  a  great  improvement  if  it  were  allowed  to  engage  only  lightly 
with  the  right  ascension  wheel,  being  held  in  position  by  a  strong 
spring.  Slide  4  exhibits  the  resulting  curves.  It  is  seen  that  when 
the  worm  was  adjusted  to  engage  only  lightly  with  the  right  ascen- 
sion wheel,  the  oscillation  extended  through  nearly  eight  seconds,  but 
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that,  when  brought  into  contact,  the  range  was  hardly  two  seconds. 
Thus  the  error  of  this  particular  worm  was  eccentricity. 

A  further  test  was  made  to  determine  if  any  intermediate  adjust- 
ment of  the  worm  with  respect  to  the  right  ascension  wheel  would  be 
advantageous.  Slide  5  gives  a  set  of  curves  for  the  various  settings, 
beginning  with  the  position  in  contact  and  ending  with  the  worm 
very  lightly  engaged.  Curve  i  is  best  and  curve  3  is  worst.  That 
the  position  in  contact  is  not  always  best  is  shown  by  slide  6,  giving 
results  for  the  worm  that  proved  satisfactory.  In  this  case  the  action 
was  quite  erratic  when  the  worm  was  in  contact. 

A  further  test  was  made  of  the  eleven-inch  Draper  telescope  to 
determine  the  best  adjustment  of  the  worm  with  respect  to  the  right 
ascension  or  sector  wheel.  Slide  i,  which  has  already  been  seen, 
shows  the  appearance  of  the  trails  at  what  may  be  considered  an 
average  adjustment.  In  slide  8  we  have  the  result  when  the  worm 
is  in  contact,  and  in  slide  9  when  the  position  is  adjusted  to  give  the 
least  error,  found  by  trial.  Probably  in  all  instruments,  one  may, 
without  any  process  of  reconstruction,  find  by  experiment  where  the 
periodic  error  is  much  decreased. 

The  foregoing  has  been  in  the  nature  of  an  abstract  of  an  investi- 
gation in  progress  rather  than  a  detailed  account  of  work  complete. 
It  is  possible  that  a  careful  study  of  curves  representative  of  the 
action  of  the  driving  worm  will  suggest  an  improvement  in  cutting 
the  thread.  As  the  experiments  are  easily  made,  I  hope  that  other 
observers  will  test  their  instruments.  A  comparison  of  the  results 
obtained  with  a  greater  variety  of  instruments  would  be  of  interest 
and  might  lead  to  a  better  understanding  of  the  entire  subject. 

THE  REFLEX  ZENITH  TUBE. 

BY   C.  h.  DOOLITTLE. 

In  185 1,  or  thereabout,  the  instrument  having  this  designation  was 
installed  at  Greenwich.  The  maker  was  Mr.  Simons,  the  designer 
Mr.  J.  B.  Airy.  The  immediate  object  in  view  was  the  observation  of 
y  Draconis.  a  star  which  has  been  followed  at  Greenwich  with  some 
kind  of  zenith  instrument  since  the  time  of  Bradley. 

The  principle  is  briefly  as  follows :  The  telescope  is  fixed  per- 
manently, with  its  axis  vertical  as  nearly  as  may  be.  Below  the  ob- 
jective at  a  distance  nearly  half  that  of  the  focal  length  is  placed  a 
basin  of  mercury.  The  rays  from  a  star  at  the  zenith  after  passing 
through  the  objective,  are  reflected  from  the  mercury  surface  and 
brought  to  a  focus  immediately  in  front  of  this  objective.   By  means 
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of  a  micrometer,  the  frame  of  which  is  firmly  attached  to  the  cell  of 
the  objective,  with  the  plane  of  the  reticle  passing  through  the 
focus,  the  zenith  distance  of  a  star  culminating  within  ten  or  fifteen 
minutes  of  the  zenith  may  be  measured.  Finally  a  diagonal  reflector 
brings  the  ray  to  the  ocular,  which  is  at  right  angles  to  the  axis  of 
the  objective. 

In  practice  the  observation  is  made  by  bisecting  the  star,  then 
quickly  reversing  by  turning  the  objective  with  the  micrometer  at- 
tached through  180°,  then  making  a  second  bisection.  One-half  the 
diff^erence  of  the  micrometer  readings  will  evidently  be  the  measure 
of  the  star's  zenith  distance.  Obviously  both  bisections  cannot  be 
made  with  the  star  on  the  meridian.  This  makes  necessary  a  small 
correction  easily  determined. 

An  instrument  involving  these  principles  has  recently  been  in- 
stalled at  the  Flower  Observatory.  So  far  as  I  am  aware  this  is 
the  second  to  be  constructed.  In  detail,  it  differs  in  a  number  of 
particulars  from  the  Greenwich  instrument.  The  optical  parts  are 
by  Brashear  and  the  instrumental  parts  by  Warner  and  Swasey.  The 
aperture  of  the  objective  is  eight  inches,  the  focal  length  one  hundred 
inches.  In  the  Greenwich  instrument  this  cone  of  light  after  reflec- 
tion passes  a  second  time  through  the  glass  of  the  objective.  In  this 
case  a  hole  one  and  one-half  inches  in  diameter  is  bored  through 
the  objective ;  through  this  hole  a  short  tube  passes,  attached  above 
to  the  micrometer  box.  When  not  in  use  this  tube  is  closed  by  a 
shutter  which  presses  up  against  its  lower  end,  thus  protecting  the 
reticle  from  dust  and  moisture  as  completely  as  in  the  ordinary 
form  of  telescope.  The  construction  may  be  likened  to  that  of  an 
ordinary  telescope  with  the  tube  cut  in  two  near  the  ocular,  this  end 
being  passed  through  a  hole  through  the  middle  of  the  objective. 

Another  matter  of  importance  is  this.  It  is  evident  that  unless 
the  plane  of  the  reticle  passes  through  one  of  the  principal  points  of 
the  objective,  any  change  in  the  inclination  of  the  apparatus  will 
shift  the  zero  point  of  the  micrometer  with  respect  to  the  vertical. 
This  makes  necessary  a  correction  depending  on  the  level  readings — 
the  very  thing  which  we  wish  to  avoid.  For  this  purpose  Dr.  Hast- 
ings, who  computed  the  curves  of  this  objective,  so  designed  it  as  to 
bring  the  first  principal  point  in  front  of  the  upper  surface,  0.155 
inch.  It  was  a  simple  matter  to  place  the  plane  of  the  reticle  at  this 
same  distance.  These  peculiarities  introduced  into  the  problem  some 
technical  and  mechanical  difficulties,  all  of  which  were  successfully 
overcome,  the  optical  performance  being  entirely  satisfactory. 

A  solid  cast-iron  pillar,  weighing  several  hundred  pounds,  formed 
the  tube  of  the  telescope.    The  focal  adjustment  is  made  by  raising 
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or  lowering  the  mercury  surface,  this  arrangement  offering  no  diffi- 
culties. 

As  is  usually  the  case  with  a  new  design,  in  part  experimental, 
various  unforseen  delays  have  occurred.  All  previous  difficulties 
have  apparently  been  overcome,  and  regular  observations  are  now 
in  progress.  At  present,  observations  are  carried  on  simultaneously 
with  this  instrument  and  the  zenith  telescope ;  four  groups  are  cm- 
ployed  as  heretofore.  In  this  program,  each  group  contains  eight 
zenith  stars  to  be  observed  with  the  reflex  tube,  and  ten  latitude 
pairs  for  the  zenith  telescop>e,  with  one  wide  pair  for  temperature 
investigation  ;  the  time  required  for  these  nineteen  observations  being 
on  tlie  average  approximately  two  and  one-half  hours.  It  is  hoped 
that  in  the  course  of  two  or  three  years  these  observations  may 
furnish  data  tending  to  throw  light  on  a  number  of  obscure  problems. 

The  star  y  Cj^gni,  magnitude  2.5,  culminates  within  less  than  one 
minute  of  the  zenith  of  the  instrument.  Although  at  present  it  dif- 
fers in  right  ascension  from  the  sun  by  only  i*"  30™,  it  is  an  easy 
object  to  observe.  There  will  be  no  difficulty  in  following  it  during 
the  greater  part  of  the  year.  As  an  indication  of  the  performance 
of  the  instrument  the  latitudes  resulting  from  a  preliminary  reduc- 
tion of  the  observations  made  on  this  star  are  here  given. 
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VARIATIONS   OF  THE  BRIGHT   HYDROGEN   LINES   IN 
STELLAR  SPECTRA. 

BY  ANNIE  J.   CANNON. 

Stars  whose  spectra  are  of  the  Orion  type,  having  also  one  or 
more  bright  hydrogen  lines,  form  a  most  interesting  and  peculiar 
class  whose  position  in  the  scheme  of  stellar  evolution  is  enigmatical. 
The  Harvard  photographs  show  that  the  bright  hydrogen  lines  are 
variables  in  the  following  six  of  these  stars:  v  Centauri,  k  Apodis, 
V  Sagittarii,  c  Capricorni,  J  Velorum,  and  27  Canis  Majoris.  So  far 
as  we  know,  no  variation  in  the  light  of  any  of  these  stars  has  ever 
been  observed,  although  the  changes  in  their  spectra  point  either  to 
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great  atmospheric  upheavals,  or  to  movements  of  two  or  more  re- 
volving bodies. 

The  most  important  changes  in  the  spectrum  of  -n  Centauri  may  be 
summarized  as  follows:  In  1897  all  lines  were  dark  and  Hp  was 
nearly  as  intense  as  Hy.  In  1898  and  1899  //,8  was  very  faint  and 
appeared  as  a  dark  line  superposed  on  a  faint  bright  band.  In  1901 
a  most  striking  change  had  taken  place,  for  ///3  had  become  a  strong 
bright  line,  having  considerable  shift  towards  the  violet  when  com- 
pared with  the  dark  Hp  present  in  1897.  Hy  was  dark  with  a  bright 
band  towards  the  violet.  Photographs  taken  in  1902  recorded  the 
reappearance  of  the  dark  line  on  the  edge  of  greater  wave-length 
of  bright  Hp,  and  both  lines  were  of  moderate  intensity.  In  1903 
the  spectrum  was  similar  to  that  of  1898.  The  period  of  these 
changes  is  probably  several  years  in  length. 

The  changes  in  the  spectrum  of  k  Apodis  are  somewhat  similar 
to  those  of  1  Centauri.  It  appears  that  both  these  stars  are  spectro- 
scopic binaries,  one  component  of  each  being  a  bright  line  star.  The 
spectrum  of  v  Sagittarii  presents  another  difficult  spectroscopic  prob- 
lem, perhaps  on  the  order  of  p  Lyrae.  The  spectrum  of  v  Sagittarii 
always  appears  to  be  composite.  The  principal  lines  seem  to  be  due 
to  two  bodies,  one  having  a  spectrum  like  p  Orionis  and  the  other 
like  e  Aurigae.  The  spectrum  of  p  Orionis  was  strongly  predomi- 
nant on  seven  photographs,  but  frequently  the  two  spectra  seem  to 
be  equally  intermingled.  Perhaps  the  most  curious  phenomenon  is 
that  on  twenty-three  photographs,  on  which  the  helium  lines  were 
very  strong,  those  of  hydrogen  were  unusually  weak.  Hp  was  in- 
visible, appearing  neither  as  a  line  of  emission  nor  of  absorption, 
while  the  line  at  A  4922  was  clearly  seen.  Hy  and  //S  were  respec- 
tively much  less  intense  than  the  adjacent  helium  lines  at  A  4387.8 
and  A  4120.5.  It  is  possible  that  a  third  body,  having  bright  hydro- 
gen lines,  might  explain  these  appearances. 

Eleven  photographs  of  the  spectrum  of  t  Capricorni,  taken  in  1903, 
showed  Hp  to  be  a  faint  but  distinct  bright  line  lying  on  the  edge 
of  greater  wave-length  of  an  equally  faint  dark  line.  On  earlier 
photographs,  Hp  was  dark  and  of  varying  intensity.  Some  faint 
lines,  including  several  due  to  iron,  are  also  subject  to  change  in 
this  spectrum. 

It  is  possible  that  varying  atmospheric  conditions  may  account  for 
the  changes  in  the  spectra  of  J  Velorum  and  27  Canis  Majoris.  On 
June  2,  1893,  the  dark  Hp  and  Hy  in  J  Velorum  had  a  fine  bright 
line  superposed.  In  the  spectrum  of  27  Canis  Majoris,  bright  hy- 
drogen was  present  in  March,  1890,  April,  1895,  and  October,  1897. 
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Numerous  photographs  of  both  these  spectra  on  other  dates  showed 
all  the  lines  to  be  wholly  dark. 

It  is  evident  that  a  large  field  of  investigation  lies  open  to  the  spec- 
troscopist  among  these  bright-line  stars. 

VARIABLE  STARS  IN  LARGE  NEBULOUS  REGIONS. 

BY  HENRIETTA  S.  LEAVITT. 

Since  last  ]\Iarch  a  special  study  of  the  distribution  of  groups  of 
variable  stars  has  been  in  progress  at  the  Harvard  College  Observa- 
tory. As  one  result  of  this  investigation,  four  hundred  and  fourteen 
new  variables  have  been  discovered  and  announced.  Seventy-three 
of  these  are  in  Orion,  one  hundred  and  fifty-two  in  the  Large  Magel- 
lanic Cloud,  fifty-seven  in  the  Small  Magellanic  Cloud,  one  hun- 
dred and  five  in  Scorpius,  ten  in  Carina,  and  seventeen  in  Sagittar- 
ius. The  results  of  this  study  up  to  the  present  time  may  be  sum- 
marized as  follows : 

First,  as  regards  distribution,  it  has  become  evident  that  groups 
of  variable  stars  are  strongly  localized.  Of  the  ninety-nine  confirmed 
variables  at  present  known  in  the  constellation  of  Orion,  south  of  the 
equator,  eighty-nine  are  within  the  limits  of  Bond's  map  of  the  region 
surrounding  the  Nebula  of  Orion,  and  of  these,  all  but  four  are  foand 
within  less  than  half  this  area.  The  entire  region  thus  finally  limited 
is  nebulous.  The  large  number  of  variables  discovered  in  the  two 
Magellanic  Clouds  is  in  marked  contrast  with  the  small  number  found 
in  the  surrounding  regions.  The  neighborhood  of  the  Trifid  Neb- 
ula in  Sagittarius  is  noticeably  poor  in  variable  stars,  and  so  also  is 
the  neighborhood  of  the  nebula  about  v  Carinae.  Yet  these  are  two 
of  the  most  densely  crowded  regions  of  the  Milky  Way.  In  Scor- 
pius, after  subtracting  thirty-three  variables  which  were  found  in 
the  cluster  Messier  4,  there  are  still  left  more  than  four  times  as 
many  variables  as  were  found  in  an  area  in  Sagittarius  approximate- 
ly equal  in  extent  and  far  richer  in  stars. 

Secondly,  a  certain  order  of  brightness  appears,  on  the  whole,  to 
prevail  among  the  variable  stars  of  each  group,  those  in  the  central 
condensation  of  the  Large  Magellanic  Cloud  being  the  faintest,  and 
those  in  Scorpius  the  brightest. 

Finally,  it  is  probable  that  different  types  of  variability  prevail  in 
different  regions.  In  both  of  the  Magellanic  Clouds,  a  large  propor- 
tion of  the  variables  appear  to  have  very  short  periods,  while  in 
Scorpius,  the  reverse  may  prove  to  be  the  case.  Many  of  the  varia- 
bles in  the  Nebula  of  Orion  remain  faint  during  the  greater  part  of 
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the  time,  but  occasionally  show  a  striking  increase  of  brightness. 
Whether  these  flashes  of  brilliancy  occur  regularly  is  not  yet  known. 
The  researches  here  described  supplement  the  remarkable  discov- 
ery of  Professor  Bailey,  of  large  numbers  of  variable  stars  in  clus- 
ters. They  are  similar  to  those  carried  on  by  Professor  Wolf  of 
Heidelberg,  who  has  announced  lists  of  new  variables  in  Orion, 
Aquila,  and  Vulpecula.  Evidently  a  further  study  of  the  distribution 
of  groups  of  variable  stars  will  be  intensely  interesting  in  its  bear- 
ing upon  the  problems  of  stellar  evolution. 


PI.ANETARY  SPECTROGRAMS. 

BY  PERCIVAIv  LOWELL. 

These  spectrograms  were  made  by  Mr.  V.  M.  Slipher  and  the  lan- 
tern slides  of  them  by  Mr.  C.  O.  Lampland,  both  of  the  Lowell  Ob- 
servatory staff,  and  were  presented  by  the  director.  Professor  Lowell. 

1.  Solar  spectrum,  photographed  November  30,  1903.  Fifty- 
nine  dark  lines  can  easily  be  counted  between  G  and  Hy. 

2.  Spectrum  of  e  Pegasi,  photographed  September  20,  1904 ;  ex- 
posure 2^  15".  Iron  and  chromium  comparison  spectrum.  About 
fifty-nine  dark  lines  can  be  counted  between  G  and  Hy. 

3.  Spectrum  of  Venus,  photographed  March  9,  1903.  Iron  com- 
parison spectrum.  This  is  one  of  the  set  from  which  Mr.  Slipher 
determined  the  rotation  of  the  planet  not  to  be  of  twenty-four  hours 
or  thereabouts,  but  very  long. 

4.  Spectrum  of  Mars,  photographed  March  7,  1903.  Iron  com- 
parison spectrum.  One  of  the  plates  of  the  set  made  on  Mars  by 
Mr.  Slipher  to  test  the  measure  of  precision  of  the  Venus  set.  The 
Mars  plates  gave  25''  10"  ±  for  the  planet's  rotation.  The  true  value 
is  24''  37"'.  As  the  precision  possible  on  Mars  is  only  about  half  that 
possible  for  Venus  the  results  speak  for  the  decisiveness  of  the  Venus 
set. 

5.  Spectrum  of  Jupiter,  photographed  November  21,  1903.  Iron 
comparison  spectrum.  The  tilt  of  the  lines  shows  a  rotation  in 
9''50'°±,  which  is  exactly  the  true  rotation  period  as  determined 
by  spots. 

6.  Spectrum  of  Saturn,  ball  and  rings,  photographed  September 
7,  1904,  on  a  Cramer  "crown"  plate.  Iron  comparison  spectrum. 
The  tilt  of  the  lines  of  the  ball  in  one  direction  and  that  of  the  lines 
of  the  rings  in  the  other  are  well  shown,  demonstrating  that  the 
rings  are  formed  of  discrete  particles,  as  proved  mathematically  by 
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Peirce  in  part  and  Clerk-Maxwell  in  whole  and  first  shown  spectro- 
scopically  by  Keeler. 

The  spectroscope  used  in  these  researches  was  constructed  by 
Brashear  as  powerful  as  possible,  especially  for  the  determination 
spectroscopically  of  the  rotation  period  of  Venus. 

THE  CANALS  OF  AIARS.    AN  INVESTIGATION  OF  THEIR 

OBJECTIVITY. 

BY  PERCIVAL  LOWELL. 

A  new  and  striking  proof  of  the  objectivity  of  the  double  canals 
of  Mars  has  recently  come  to  me  in  a  comparison  of  the  width  of 
the  doubles  obtained  by  Schiaparelli  in  1888  and  by  me  in  1903.  The 
unintentional  character  of  the  corroboration  is  one  of  its  strongest 
points.  Not  only  at  the  time  of  my  observations  was  his  work  not 
in  my  mind,  but  not  even  after  the  fact  had  I  proposed  to  compare  it. 

The  following  table  summarizes  the  results  obtained  in  1888  and 
in  the  May -June  presentation  of  1903. 


CANALS   DRAWN    DOUBLE   BY    SCHIAPARELLI, 

Times  Seen.  Width. 

Euphrates    4  5°. I 

Phison  4  3.9 

Astaboras  3  2  .9 

Protonilus 4  2  .2 

Pierus 4  2  .4 

Canals  drawn  single  by  Schiaparelli :  Astusapes,  Python,  Xenius, 
Rhysius,  Apis,  Typhon,  Hiddekel,  Callirrhoe,  Deuteronilus. 

Two  canals,  Arnon  and  Kison,  were  drawn  convergent  to  the 
north. 

CANALS   DRAWN    DOUBLE   BY   LOWELL,    I903. 

Times  Seen.     Width. 

Euphrates ii  4°-° 

Phison  12  3  .7 

Astaboras  9  3-2 

Protonilus 8  2  .8 

Pierus   2  2.1 

Sitacus  (faint)   12  3  .6 

Canals  drawn  single  by  Lowell:  Astusapes,  Python,  Rhysius, 
Aroeris,  Cadmus,  .Egyptus.  Hiddekel  generally  single,  Callirrhoe 
generally  a  broad  line. 


SOCIETY  OF  AMERICA  221 

Arnon  sometimes  convergent  to  the  north,  sometimes  double. 
Kison  suspicious  of  convergence  to  the  north.  For  both  observers 
the  direction  of  the  canal  had  nothing  to  do  with  its  single  or  double 
appearance.  The  conspicuous  doubles  are  the  same  in  the  drawings 
of  both  observers. 

The  conspicuous  singles  are  the  same  in  the  drawings  of  both  ob- 
servers. The  Arnon  and  Kison  are  convergent  in  both  and  in  the 
same  direction.  Only  the  faint  or  very  close  doubles  show  differ- 
ences at  the  two  presentations. 

The  double  canals,  then,  declare  their  own  objectivity  on  three 
counts,  each  more  compelling  than  the  one  before:  (i)  The  fact 
of  showing  double,  (2)  the  relative  width  of  the  double,  (3)  the  ab- 
solute width  of  the  double ;  and  they  do  this  precisely  as  a  real  ob- 
ject would,  the  certainty  increasing  with  the  ease  of  observation. 
The  determination  of  the  absolute  width  is  very  difficult,  and  here 
we  find  the  probability  for  reality  strong  but  not  expressible ;  the 
relative  width  is  easier  to  determine  and  the  probability  for  reality 
is  24  to  I ;  lastly  the  determination  of  the  fact  of  being  double,  the 
easiest  observation  of  all,  shows  the  probability  that  it  is  real  to  be 
128  to  I. 

NOTE  ON  THREE  SOLAR  PERIODS. 

BY   FRANK   H.   BIGEU)W. 

The  mean  period  of  rotation  of  the  solar  photosphere  at  the  equa- 
tor is  about  26.68  days,  as  determined  by  solar  observations.  There 
is  a  mean  period  of  about  25.98  days  indicated  by  terrestrial  mag- 
netic and  meteorological  observations,  which  has  been  regarded  as  a 
period  of  solar  rotation.  The  relative  frequency  of  the  solar  prom- 
inences and  the  annual  variations  in  the  earth's  atmosphere  show 
that  there  is  a  short  cycle  of  about  1004  days.  These  are  apparently 
related  together  by  the  equation, 

(approximately). 


26.68         1004         25.98 

Some  discussion  is  given  of  a  possible  physical  cause  for  this  con- 
dition, as  found  in  the  interior  circulation  of  the  sun's  mass. 
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THE  COORDINATION  OF  VISUAL  AND  PHOTOGRAPHIC 
STAR  MAGNITUDES. 

BY  JOHN  A.  PARKHURST. 

The  importance  of  stellar  photometry  among  the  departments  of 
modern  astronomy  arises  from  the  fact  that  the  magnitude  of  a  star 
bears  immediately  on  the  star's  physical  condition  and  changes.  That 
this  is  of  growing  importance  is  witnessed,  among  other  things,  by 
the  numerous  discoveries  of  new  variable  stars,  over  three  hundred 
in  the  present  year;  showing  that  variability  must  be  reckoned  with 
as  a  factor  in  stellar  evolution  to  an  extent  that  would  not  have  been 
imagined  a  decade  ago.  The  relation  lately  shown  to  exist  between 
stellar  variability  and  sunspot  phenomena  adds  at  once  to  the  inter- 
est of  the  problem  and  the  possibility  of  its  solution. 

The  photometric  catalogues  published  within  the  last  few  years 
by  the  Harvard  and  Potsdam  Observatories  furnish  a  secure  basis 
for  visual  photometry,  their  results  agreeing  reasonably  well  except 
the  discordances  arising  from  differences  in  the  star  colors.  No  such 
basis  for  photographic  magnitudes  now  exists ;  therefore,  to  be  use- 
ful and  intelligible,  magnitudes  must  be  reduced  or  reducible  to  the 
visual  system.  But  the  extension  of  photometric  work  demanded  by 
the  present  needs  of  astronomy  is  possible  only  by  photographic 
means ;  hence  the  pressing  need  of  finding  some  method  of  harmon- 
izing visual  and  photographic  results  for  stars  differing  in  type  of 
spectrum  and,  therefore,  in  color.  The  usefulness  of  such  a  method 
will  vary  somewhat  in  proportion  as  it  enables  us  to  utilize  the  photo- 
graphic magnitudes  already  obtained. 

That  the  great  accuracy  of  photographic  methods  applied  to  the 
astronomy  of  position  has  as  yet  no  counterpart  in  the  astronomy 
of  magnitudes,  is  due  to  the  one  disturbing  factor  of  star  color.  It 
is  well  known  that  a  colored  star  will  affect  differently  the  eye  and 
the  photographic  plate,  but  it  is  not  so  well  appreciated  that  equal 
differences  arise  in  the  visual  estimates  of  colored  stars  by  different 
observers  or  by  the  use  of  telescopes  of  different  apertures.  The 
"color  correction"  amounting  to  one  or  two  magnitudes  for  a  red 
star  in  the  photograph,  is  no  greater  than  the  difference  between  the 
simultaneous  Harvard  and  Rousdon  visual  estimates  of  the  bright- 
ness of  such  stars.  In  fact,  we  find  discrepancies  of  the  same  kind 
and  similar  in  amount  between  different  observers,  different  tele- 
scopes, visual  and  photographic  results,  and  different  brands  of 
plates  in  photography.  If  the  statement  is  made  that  no  known  re- 
lation exists  between  visual  and  photographic  magnitudes,  the  retort 
can  be  made  that  a  normal  visual  scale  does  not  exist. 
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The  advantages  arising  from  the  use  of  orthochromatic  plates 
have  long  been  recognized,  but  Scheiner  dismisses  them  v^fith  the 
statement  that  they  can  never  yield  visual  magnitudes.  The  sugges- 
tion was  first  (as  far  as  I  am  aware)  made  by  Schwarzschild  that  the 
difference  between  the  magnitudes  of  a  colored  star  on  ordinary  and 
orthochromatic  plates  can  be  taken  as  a  measure  of  the  star's  color. 
If  this  difference  is  a  function  of  the  color  it  only  remains  to  find 
the  form  of  the  function,  and  then  complete  allowance  can  be  made 
for  the  effect  of  color  and  that  troublesome  factor  can  be  eliminated, 
making  possible  the  reduction  of  photographic  magnitudes  to  visual, 
or  z-icc  versa.  Two  methods  are  available  for  finding  the  form  of 
the  function.  First,  by  trial  on  known  stars  of  different  color  (spec- 
tral type).  To  fix  our  ideas,  suppose,  for  example,  that  a  star  of 
color  5  on  Chandler's  decimal  scale  was  7.0  magnitude  visually,  but 
photographed  8.0  magnitude  on  an  orthochromatic  plate  and  9.0 
magnitude  on  an  ordinary  plate.  For  such  a  star  the  orthochromatic 
plate  gives  half  the  color  correction.  It  is  evident  that  by  such  exper- 
iments with  standard  stars  of  known  magnitude  and  color,  the  form 
of  the  function  can  be  found.  This  work  is  being  done  by  the  writer, 
under  a  grant  from  the  Carnegie  Institution,  using  Cramer  isochro- 
matic  plates  in  connection  with  ordinary  plates,  on  the  24-inch  re- 
flecting telescope  of  the  Yerkes  Observatory.  Provisional  results 
thus  far  obtained  are  very  promising.  An  independent  method 
which  will  also  be  used  for  finding  the  form  of  the  function,  consists 
in  comparing  the  intensity  curves  of  the  spectra  of  stars  of  differ- 
ent types  with  the  intensity  curves  of  the  solar  spectrum  on  the  two 
kinds  of  plates  used.  It  is  evident  that  the  photographic  effect  is 
the  integral  of  the  product  of  these  two  curves. 

If  the  objection  is  urged  that  the  difficulty  of  coordinating  the 
results  obtained  with  dift'erent  brands  of  ordinary  and  orthochro- 
matic plates,  will  be  equal  to  the  difficulty  of  harmonizing  the  vis- 
ual and  photographic  systems,  it  may  be  met  by  the  suggestion  that 
any  brands  of  plates  used  should  be  calibrated  by  observations  of  a 
carefully  selected  list  of  standard  stars,  including  each  spectral  type. 

No  less  important  than  the  choice  of  plates  is  the  kind  of  tele- 
scope to  be  used.  It  seems  to  the  writer  that  the  reflector  is  the  only 
telescope  suited  for  this  work,  since  by  it  the  rays  of  all  wave-lengths 
are  brought  to  the  same  focus. 

Emphasis  is  needed  on  two  further  points  in  regard  to  the  adapta- 
bility of  the  reflector  to  this  work.  When  extreme  ratios  of  aperture 
to  focal  length  are  avoided,  first,  the  field  is  vtvy  nearly  flat ;  second, 
the  action  is  very  rapid,  so  that  the  work  can  be  extended  to  faint 
stars.    This  flatness  of  field  has  been  denied,  both  from  theoretical 
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reasons  and  from  so-called  measures  of  reflector  plates ;  but  it  should 
be  stated  that  the  theory  is  incomplete,  not  taking  proper  account  of 
the  distribution  of  light  in  the  "blurred"  image ;  also  that  the  meas- 
ures published  by  Plummer  and  Poor  were  not  made  on  the  original 
negatives,  and  cannot,  therefore,  be  properly  called  measures.  The 
only  real  measures  so  far  published,  to  my  knowledge,  have  been 
those  of  the  Eros  plates  taken  with  the  Crossley  reflector,  and  meas- 
ured at  the  Columbia  University  and  Lick  Observatories.  A  few  of 
these  measures  discussed  by  Hinks  showed  distortions  giving  anoma- 
lous results  near  the  edge  of  the  plate,  but  these  anomalies  are 
matched  on  the  plates  taken  at  Algiers  with  the  standard  photo- 
graphic refractor,  and  noticed  on  the  following  page  of  Hinks's 
paper.  It  should  be  stated  that  the  aperture  ratio  of  the  Crossley 
was  large,  about  i  to  6. 

For  this  work  a  diaphragm  twelve  inches  in  diameter  has  been 
used  on  the  twenty-four-inch  reflector,  and  as  the  focal  length  is 
93  inches,  the  ratio  is  a  little  greater  than  i  to  8.  Allowing  for  the 
area  cut  out  by  the  flat,  the  clear  aperture  of  the  mirror  is  equivalent 
to  io'/2  inches.  The  exposures  have  been  timed  to  give  good  meas- 
urable images  of  all  the  stars  on  Hagen's  charts  which  extend  to 
twelfth  or  thirteenth  magnitude ;  in  good  seeing  this  requires  ten 
minutes  with  ordinary  plates  and  fifteen  minutes  on  the  isochromatic 
plates.  The  magnitudes  have  been  deduced  by  measurements  of 
disk  diameters,  the  increase  per  magnitude  being  nearly  uniform  and 
amounting  to  about  0.025  mm.  As  the  diameters  are  measurable 
with  a  probable  error  of  o.ooi  mm.,  corresponding  to  0.04  of  a  mag- 
nitude, the  results  are  comparable  with  the  best  visual  measures. 

This  work  has  some  similarity  to  the  spectral  photometry  of  the 
Draper  Catalogue,  each  taking  account  of  the  intensity  curve  of  the 
spectrum ;  but  differs  from  it  in  two  respects :  It  is  not  confined  to 
the  bright  stars,  but  can  reach  to  the  faintest  visible;  also,  taking 
account  of  the  entire  spectrum,  its  results  will  harmonize  with  vis- 
ual magnitudes. 

THE  QUADRUPLE  SYSTEM  OF  ALPHA  GEMINORUM. 

BY  HEBER  D.  CURTIS. 

The  well-known  binary  star,  a  Geminorum  was  pronounced  by  Sir 
John  Herschel  to  be  the  largest  and  finest  of  the  double  stars  in  the 
northern  portion  of  the  sky.  Measures,  of  a  very  rude  character, 
were  made  of  this  pair  as  early  as  1718  by  Bradley  and  Pond,  so 
that  this  system  has  been  under  observation  for  nearly  two  hundred 
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years.  In  spite  of  this  fact  some  of  the  elements  of  the  orbit  are 
still  quite  uncertain,  particularly  the  eccentricity  and  the  period. 
Values  of  the  eccentricity  have  been  derived,  ranging  from  0.32  to 
0.80,  with  corresponding  periods  of  looi  to  232  years.  In  recent 
years  the  distance  between  the  two  components  has  commenced  to 
decrease,  with  the  result  that  the  elements  have  become  rather  more 
determinate,  and  Doberck  (Astronoinische  Nachrichtcn,  3970)  has 
recently  expressed  the  hope  that  through  this  decrease  in  the  dis- 
tance it  will  be  possible  to  fix  the  orbit  with  considerable  accuracy 
within  the  next  ten  or  twenty  years. 

Doberck  has  derived  the  following  sets  of  elements,  of  which  he 
regards  the  second  as  the  most  probable  and  most  in  agreement  with 
recent  measures. 

ELEMENTS  OF  CASTOR. 

n    =    29°  29'  33°  56'  42°  34' 


A. 

=    84    44 

82     26 

118    II 

i 

=    73      3 

63     37 

61    56 

e 

=    0.7513 

0.4409 

0.2321 

iod 

=     268  years 

347  years 

502  years 

7 

=     1936.65 

1969.82 

1963.30 

a 

=     7" .326 

5" .756 

6". 467 

Retrograde. 

In  January,  1896,  Belopolsky  at  Pulkova  discovered  that  the  faint- 
er of  the  two  stars  forming  this  system  is  itself  a  rapid  spectroscopic 
binary.*  The  period  of  this  component  is  very  well  determined,  being 
close  to  2.934  days.  Belopolsky  finds,  however,  certain  irregularities 
in  the  observations  of  successive  years  which  are  best  explained  by 
the  assumption  that  the  line  of  apsides  rotates  in  about  fourteen 
hundred  days. 

Recent  spectrograms  taken  with  the  remounted  Mills  spectro- 
graph show  that  the  brighter  component  is  also  a  spectroscopic 
binary,  and  that  the  system  of  a  Geminorum  is  in  reality  a  quadruple 
one.  Since  the  discovery  of  this  interesting  fact  in  November  of 
this  year  a  number  of  plates  of  both  stars  have  been  secured.  At 
present  fourteen  plates  are  available  for  a  rough  preliminary  deter- 
mination of  the  period,  which  seems  to  be  about  twenty-seven  days. 
Two  early  plates  of  the  bright  component  are  rather  poor,  so  that 
their  value  in  determining  the  period  is  somewhat  impaired  and  more 
plates  will  be  necessary  before  a  more  accurate  determination  of  the 
period  can  be  derived. 

Both  stars  are  given  in  the  Draper  Catalogue  as  of  type  A,  and  in 


*Bull.  Acad.  St.  Petersburg,  December,  i8g6.    Astrophysical  Journal,  Jan- 
uary, 1897.    Mem.  Acad.  St.  Petersburg,  XI,  4,  January,  1900. 
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the  later  Harvard  classification  as  type  \'IIIa.  Hy  is  rather  broad 
and  has  not  been  used  in  the  measures.  The  line  at  X  4481  due  to 
magnesium  is  very  good  and  there  are  quite  a  number  of  other 
metallic  lines,  rather  broad  and  quite  faint  in  the  spectrum  of  the 
brighter  component,  and  somewhat  easier  of  measurement  in  the 
fainter.  Helium  is  apparently  absent.  There  are  a  number  of 
lines  due  to  titanium  and  iron,  most  of  the  latter  being  enhanced 
lines ;  two  lines  seem  to  be  due  to  chromium.  With  proper  exposure 
(about  sixteen  minutes)  from  fifteen  to  twenty-five  measurable  lines 
are  found.  The  total  range  in  radial  velocity  is  about  twenty-one 
kilometers,  and  the  preliminary  determination  of  the  velocity  of  the 
center  of  mass  of  the  system  is  approximately  -|-  5  km.  per  second. 
The  corresponding  constant  for  the  fainter  component  is  given  by 
Belopolsky  in  his  latest  paper  as  — 4.1  km.  per  second.  It  is  well 
known  that  where  the  elements  of  the  visual  orbit  of  a  binary  and 
the  relative  radial  velocities  of  its  components  are  both  known  it  is 
possible  to  derive  an  accurate  value  of  its  parallax.  Assuming  the 
relative  radial  velocity  to  be  nine  kilometers  and  using  the  period  of 
347  years  and  the  corresponding  elements  which  Doberck  regards  as 
the  most  probable,  we  find  a  parallax  of  ©".03.  Using  the  other  or- 
bits given  above,  however,  we  should  get  values  differing  widely 
from  this.  It  is  evident  that  such  results  are  meaningless  till  the  ele- 
ments of  the  visual  orbit  are  known  more  definitely. 

In  the  star  a  Geminorum  we  have  a  well  established  quadruple 
system,  and  it  is  hoped  that  the  more  detailed  investigation  which 
the  writer  has  in  progress  will  give  a  definite  determination  of  the 
relative  radial  velocity  of  the  two  systems,  so  that  with  the  improve- 
ment of  the  visual  orbit  we  may  in  time  have  a  relatively  very  exact 
knowledge  of  the  distance,  mass  and  orbital  dimensions  of  this  com- 
plex star. 

USE  OF  THE  METHOD  OF  LEAST  SQUARES  TO  DECIDE 
BETWEEN  CONFLICTING  HYPOTHESES. 

BY  H.aLROI.D  JACOBY. 

In  1901  the  writer  published  in  the  Astronomical  Journal,  No. 
514,  a  theorem  concerning  the  application  of  least  squares  when  it 
is  necessary  to  choose  between  two  different  methods  of  reducing 
observations.  The  theorem  was  doubtless  well  known,  but  the  writer 
was  unable  to  find  it  in  print.  Since  then,  Mr.  Midzuhara,  of  the 
Tokyo  Astronomical  Observatory  has  written  three  interesting  arti- 
cles, printed  in  the  Astronomical  Journal,  Nos.  521,  535,  and  568.    In 
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these  articles,  among  other  things,  he  gives  a  different  proof  of  the 
writer's  theorem,  and  also  obtains  another  analogous  one.  The  ob- 
ject of  the  present  note  is  to  point  out  a  very  important  divergence 
between  Mr.  Midzuhara's  conclusions  and  the  writer's ;  and  also  to 
show  how  one  of  the  former's  most  interesting  results  can  be  ob- 
tained in  a  manner  different  from  that  used  by  him. 

The  writer's  theorem  is :  "Let  there  be  given  two  series  of  ob- 
servation equations  as  follows : 

Oi  ;r  -(-  61 31  +  Cj  s  +  . . .  +  )ii  =  o, 

Oi  X -\- bi  y -\- Ci  3 -{-  . . .  +  />!  w  +  ...  -\-ih  =  o, 

aix-j-biy  +  CiS:-{-  ...-{-piw+  ...-\-ih  =  o,  (2) 

The  equations  being  identical  in  the  two  series  except  for  the  addi- 
tion of  one  or  more  new  unknowns  iv,  ...  in  (2).  Let  each  of  these 
series  of  equations  be  solved  by  the  method  of  least  squares,  and  let 
[vz']i  be  the  sum  of  the  squares  of  the  residuals  resulting  from  the 
solution  of  equations  (i) ;  [vv]2  be  the  sum  of  the  squares  of  the 
residuals  resulting  from  the  solution  of  equations  (2)  ;  then,  no  mat- 
ter what  may  be  the  law  of  the  coefficients  p^,  pn,  .  . .  ;  and  even  if 
these  coefficients  are  assigned  at  random,  [w]  ^  is  always  larger  than 
[z-u],." 

The  conclusion  drawn  by  the  writer  from  this  theorem  is  as  fol- 
lows: 

"The  method  of  least  squares  is  used  ordinarily  to  adjust  series 
of  observation  equations  so  as  to  obtain  the  most  probable  values  of 
the  unknowns.  But  there  is  a  subtler,  and  perhaps  more  important 
use  of  the  method ;  when  it  is  employed  to  decide  which  of  two  hy- 
pothetical theories  has  the  greater  probability  of  really  being  a  law 
of  nature;  or  to  decide  between  two  methods  of  reducing  observa- 
tions. In  such  cases,  astronomers  not  infrequently  give  preference 
to  the  solution  which  brings  out  the  smallest  value  of  \vv\ ,  the  sum 
of  the  squared  residuals.  But  in  the  light  of  the  above  theorem,  it 
becomes  clear  that  the  mere  diminution  of  [w]  alone  is  insufficient 
to  decide  between  two  solutions,  when  one  involves  more  unknowns 
than  the  other.  To  give  preference  to  the  second  solution,  it  is  nec- 
essary that  the  diminution  of  [w]  be  quite  large,  and  that  the  addi- 
tional unknowns  possess  a  decided  a  priori  probability  of  having  a 
real  existence." 

In  his  paper  in  the  Astronomical  Journal,  No.  521,  Mr.  Midzuhara 
says:    "This  conclusion,  perhaps,  depends  upon  the  author's  misap- 
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prehension  of  the  principle  of  probabihty.  For  I  beHeve  that  to 
compare  the  probabihties  of  the  two  sokitions  we  must  necessarily 
take 


VI — iJ-i  ni — /'2 

where  in  expresses  the  number  of  observations,  and  fti  and  /u,  are 
the  numbers  of  the  unknown  quantities  in  the  first  and  secoTid  solu- 
tions, respectively." 

In  other  words,  Mr.  Midzuhara  takes  as  a  criterion  for  deciding 
between  the  two  solutions  the  quantity  ordinarily  called  "mean  error 
of  one  equation,"  instead  of  the  sum  of  the  squared  residuals.  When 
the  number  of  unknowns  in  the  two  solutions  is  different,  these  two 
criteria  may  give  opposite  results ;  the  one  indicating  the  first  solu- 
tion as  the  most  probable,  the  other,  the  second  solution. 

It  is  evident  that  the  practice  of  astronomers  varies  in  this  matter. 
Mr.  Midzuhara,  for  instance,  and  doubtless  other  astronomers,  too, 
use 

[vv] 
m — ji 

as  the  criterion.  On  the  other  hand,  Bessel  was  in  the  habit  of  using 
\vv\.  A  good  example  is  to  be  found  in  his  classic  paper  on  the 
parallax  of  6i  Cygni,  printed  in  Astronomische  Nachrichten,  No. 
366.  He  there  reduces  his  observations  with  parallax  terms,  and 
again  without  them.  He  decides  in  favor  of  the  reality  of  his  par- 
allax terms  solely  on  account  of  the  diminution  of  [w]  ;  and  not 
until  after  this  is  decided  does  he  compute  the  mean  error 


v/  \vv']  I  {m—fi). 

This  quantity  he  calculates  for  the  parallax  solution  only,  not  for 
both  solutions.    So  far  is  he  from  using  it  as  a  criterion. 

It  would,  indeed,  appear  that  very  simple  reasoning  indicates  [zv] 
as  the  right  criterion.  If  we  consider  observation  equations  of  the 
general  form: 

^  {x,y,z,  ...,n)=o, 

the  ordinary  solution  determines  .r,  y,  z,  . . .,  so  as  to  make  [z'Z']  a 
minimum.  If  there  exists  a  doubt  as  to  whether  the  form  of  the 
function  <^  should  be  either  <^i  or  <^„,  this  fact  simply  transfers  4>  to 
the  list  of  unknowns,  and  we  must  so  determine  <^,  x,  y,  z,  . . .,  as  to 
make  [z'Z']  a  minimum.  We  shall  do  this  if  we  make  two  ordinary 
least  square  solutions  for  <^^  and  4>„,  the  only  possible  values  of  <^,  and 
prefer  that  solution  which  gives  the  smaller  [vz'].     Sinc^  the  other 
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criterion  may  give  an  opposite  result,  that  otlier  criterion  must  be 
wrong. 

It  may  be  of  interest  to  add  to  the  above  a  remark  concerning  the 
attractive  result  obtained  by  Mr.  Midzuhara  in  his  equation  (13). 
This  result  is 

[vv'li  —  [vv]i  =  w-Pir,  (13) 

where  tc  is  the  vakie  of  the  new  unknown,  obtained  in  the  solution 
of  our  equations  (2)  and  Pw  its  weight  from  the  same  solution.  Mr. 
Midzuhara  gives  a  somewhat  extended  demonstration  of  this  equa- 
tion (13)  ;  it  may,  however,  be  obtained  almost  directly  from  a  prin- 
ciple demonstrated  by  Gauss  in  Elcmcntis  EUipticis  Palladis*  It 
is  there  shown  that  if  /x  be  the  number  of  unknowns,  and  if  the  nor- 
mal equations  are  solved  by  the  Gaussian  method  of  elimination : 

[vv]   =  [;i;i.m], 

where  [un.  jx]  denotes  the  usual  Gaussian  auxiliary.  In  the  present 
case,  if  there  are  /j,  unknowns  in  equations  (i),  and  ju.  +  i  in  equa- 
tions (2),  we  shall  have,  at  the  end  of  our  Gaussian  elimination: 

[pp.iJ.]w  +  [pn.fi]  =  o, 
[nn.f^]. 
[»«(m  +  i)]. 

But,  according  to  Gauss's  principle : 


[nii.fi]  =  [vv]i, 
[hm(m  +1)]  =  [v"A-> 


Inn  .(/.  +  !)]  =  inn  .  «]  -  \j^ 


^^'^^'-f"^]-[f:7! 


IP"  ■  1"] 


and  as  usual : 

Therefore : 

Cut: 

and 
so  that 

This  is  Mr.  Midzuhara's  equation  (13). 


""-       IPP-/']' 
[pp./Jt]  =  Py,  —  weight  of   IV 


*Werke.    Vol.  6,  p.  22. 
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TABLES  FOR  THE  REDUCTION  OF  ASTRONOMICAL 
PHOTOGRAPHS. 

BY  HAROLD  JACOBY. 

In  1895  the  writer  published  a  paper  entitled  "On  the  Reduction 
of  Stellar  Photographs,  with  Special  Reference  to  the  Astro-Photo- 
graphic Catalogue  Plates."  As  indicated  in  the  title,  the  method 
there  described  was  intended  primarily  for  the  reduction  of  large 
series  of  plates  made  at  the  same  declination.  But  ordinary  stellar 
photographs  intended  for  star  cluster  catalogues,  solar  or  stellar  par- 
allax, etc.,  usually  involve  so  few  plates  of  a  single  declination  that 
it  is  not  economical  to  prepare  the  kind  of  special  tables  suitable  for 
a  photographic  catalogue  of  the  whole  heavens.  Moreover.  Con- 
tribution 10  of  the  Columbia  Observatory  has  long  been  out  of  print, 
so  that  it  is  now  impossible  to  supply  copies  to  those  asking  for  them. 

For  these  reasons  the  writer  has  prepared  the  present  modifica- 
tions of  his  method,  and  has  added  tables  suitable  for  the  reduction 
of  isolated  groups  of  plates  made  at  any  declination  distant  more  than 
fifteen  degrees  from  the  pole.  The  tables  will  appear  in  a  short 
time  as  one  of  the  Columbia  Contributions. 


CALIBRATION  OF  A  PHOTOGRAPHIC  PHOTOMETER 

WEDGE. 

BY  ORMOND   STONE. 


RECENT  RESEARCHES  OF  THE  HENRY  DRAPER 
MEMORIAL. 

BY  EDWARD  C.  PICKERING. 

A  photograph  was  shown  of  the  spectrum  of  X  Cephei,  which  has 
a  spectrum  closely  resembling  that  of  f  Puppis  and  contains  the  sec- 
ond series  of  lines  probably  due  to  hydrogen.  A  method  of  observ- 
ing occultations  photographically  was  explained  and  a  printed  en- 
largement of  a  photograph  of  the  emersion  of  v  Virginis,  on  Decem- 
ber 28,  1904,  was  shown,  which  had  been  taken  by  Mr.  Edward  S. 
King.  A  rotary  motion  was  given  to  the  plate  holder  so  that  the 
star  gave  a  continuous  trail,  the  time  being  indicated  by  a  motion 
given  to  the  plate  at  regular  intervals.  It  appeared  that  the  star  in- 
creased in  light  during  emersion  for  about  a  third  of  a  second.  The 
principal  portion  of  the  paper  was  devoted  to  the  study  of  the  dis- 
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tribution  of  the  stars  according  to  their  spectra.  The  results  were 
based  upon  an  examination  of  the  Draper  plates  by  Mrs.  Fleming. 
About  six  thousand  plates  have  been  inspected,  each  showing  on  the 
average  the  spectra  of  a  thousand  stars,  with  small  dispersion,  and 
on  these  all  that  were  peculiar  were  noted.  Using  a  larger  disper- 
sion, about  thirty  thousand  stars  have  been  classified  and  catalogued. 
Visual  counts  of  the  number  of  stars  in  different  parts  of  the  sky 
have  little  value  owing  to  the  uncertainty  of  the  magnitudes.  The 
same  might  be  said  of  a  classification  of  photometric  magnitudes  of 
the  stars  taken  as  a  whole.  It  was  shown  that  stars  of  each  class  of 
spectrum  should  be  considered  by  themselves,  as  the  distribution  dif- 
fers widely.  Thus,  the  Milky  Way  appears  to  consist  wholly  of 
stars  of  the  first  type.  The  helium  or  Orion  stars  have  a  diflferent 
distribution,  forming  a  Milky  Way  of  their  own,  mainly  in  Orion  and 
Argus.  It  was  shown  that  the  classification  of  the  variable  stars, 
proposed  by  the  writer  in  1880,  was  confirmed  by  their  spectra,  and 
that  the  latter  formed  a  means  of  determining  the  class,  in  some 
cases,  even  better  than  the  light  curve. 

NOTE  ON  TWO  VARIABLE  STAR  CATALOGUES. 

BY  J.  G.  HAGEN. 

Father  Hagen  presented  to  the  meeting  some  specimen  pages  of 
two  Catalogues  of  Variable  Stars,  now  in  preparation,  one  by  the 
Astronomische  Gesellschaft  and  the  other  by  Professor  E.  C.  Pick- 
ering. Of  the  former  catalogue  seven  pages  had  been  printed  for 
presentation  at  the  astronomical  congress  in  Lund,  last  September. 
A  copy  has  been  sent  to  Father  Hagen  in  time  for  the  Philadelphia 
meeting,  but  Dr.  Mueller's  report  at  Lund  came,  unfortunately,  too 
late.  For  this  reason  only  those  features  of  the  catalogue  could  be 
mentioned  that  presented  themselves  to  the  reader  of  these  seven 
pages. 

More  definite  explanations  could  be  given  on  the  other  catalogue, 
since  Professor  Pickering  was  himself  present,  and  had  shown  one 
specimen  page  previously  to  several  friends.  His  catalogue  will  be 
a  "Bibliography  of  the  Variable  Stars,"  with  the  list  of  the  known 
maxima  and  minima,  and  the  sources  from  which  they  were  taken. 
Father  Hagen  brought  out  the  fact  that  the  two  catalogues  will  sup- 
plement one  another.  The  catalogue  of  the  Astronomische  Gesell- 
schaft will  give  exact  positions  and  elements  of  light  variations,  with 
very  condensed  references  to  all  accessible  publications,  on  each  var- 
iable star.     Professor  Pickering's  "Bibliography"  will  give  fuller 
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details  of  the  spectra  of  tlie  variable  stars  from  the  rich  material  at 
the  Harvard  College  Observatory,  and  will  put  the  lists  of  known 
maxima  and  minima  in  the  convenient  shape  of  tables.  While  the 
former  catalogue  will  make  a  volume  of  about  five  hundred  pages 
(quarto  size),  the  latter  will  have  only  one-third  of  this  bulk.  Both 
catalogues  will  be  very  valuable  accessions  to  our  literature  on 
this  subject. 

USEFUL  WORK  FOR  A  SMALL  EQUATORIAL.    A  PRO- 
POSED DISCUSSION. 

The  discussion  was  opened  by  Professor  Edward  C.  Pickering. 
He  stated  that  measurements  of  wide  double  stars  might  be  useful, 
but  that  the  positions  of  stars  much  more  than  5"  apart  could  be 
better  determined  by  photography,  while  closer  stars  required  a 
large  telescope.  The  brightness  of  stars  can  now  be  readily  and 
inexpensively  determined  with  a  wedge  photometer,  and  the  rela- 
tive light  of  the  components  of  close  doubles  by  a  polarizing  photo- 
meter. The  Herschel-Argelander  method  could  be  usefully  applied 
to  faint  stars,  especially  to  the  components  of  coarse  clusters, 
and  to  Durchmusterung  zones,  inserting  all  stars  brighter  than  a 
fixed  magnitude.  Variable  stars  of  long  period  can  be  usefully  fol- 
lowed by  inexperienced  observers,  since  the  range  is  large.  Obser- 
vations of  suspected  variables,  of  Algol,  and  other  short  period 
variables,  are  likely  to  be  of  little  value,  except  when  made  by  ob- 
servers having  long  experience.  But  little  useful  work  could  be 
done  with  spectroscopes  attached  to  small  telescopes.  A  search  for 
new  stars  in  the  Milky  Way,  and  an  examination  of  known  nebulae 
to  see  if  they  are  gaseous,  as  was,  perhaps,  first  done  Sir  John 
Herschel,  might  prove  of  value.  Observations  of  Jupiter's  satel- 
lites, comets,  sun  spots  and  solar  prominences  were  also  mentioned 
as  useful  fields  of  work  for  instruments  of  this  class. 


SEVENTH  MEETING 

The  seventh  annual  meeting  was  held  December  28  to  30,  1905, 
at  Columbia  University,  New  York.  Some  sixty  members  were  in 
attendance  and  forty  papers  were  on  the  program. 

As  usual,  a  number  of  pleasant  social  gatherings  occurred  during 
the  meeting.  On  December  29  all  lunched  together  in  the  depart- 
ment of  astronomy,  and  in  the  evening  were  received  by  Mrs.  Henry 
Draper  at  her  home  on  Madison  Avenue ;  many  members  also  at- 
tended a  dinner  of  the  Mathematical  Society  and  the  Physical  So- 
ciety on  the  same  evening. 

The  election  resulted  as  follows  : 

President E.  C.  Pickering 

First  Vice-President George  E.  Hale 

Second  Vice-President W.  W.  Campbell 

Secretary George  C.  Comstock 

Treasurer C.  L.  Doolittle 

Councilors  for  1906-8 E.  B.  Frost  and  Harold  Jacoby 

The  council  designated  Harold  Jacoby  to  act  as  editor  for  this 
meeting. 

ABSTRACTS  OF  PAPERS 

SATURN  AS  SEEN  WITH  THE  EIGHTEEN-INCH  CLARK 

REFRACTOR  OF  AMHERST  COLLEGE 

OBSERVATORY. 

BY  DAVID  TODD. 

This  new  telescope,  which  has  especially  fine  definition  and  a  very 
dark  field,  was  used  the  past  autumn  on  the  Saturnian  system. 
Pending  completion  of  the  micrometer,  to  be  employed  on  the  satel- 
lites, attention  was  given  particularly  to  the  rings  and  ball.  Differ- 
ences of  illumination  in  the  detail  of  different  zones  of  the  rings 
were  carefully  observed  and  embodied  in  a  drawing.  The  shadings 
of  the  belts  on  the  ball  were  also  set  down  in  estimated  positions,  and 
a  watch  was  kept  for  spots  by  which  to  determine  anew  the  rotation 
time. 
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TOTALITY-PREDICTIONS  FOR  THE  SOLAR  ECLIPSE  OF 

1907,  JANUARY  13-14,  IN  TURKESTAN  AND 

MONGOLIA. 

BY  DAVID  TODD  AND  ROBERT  H.  BAKER. 

Attention  is  called  to  the  importance  of  this  eclipse  in  advancing 
our  knowledge  of  the  corona.  Of  eclipses  in  the  immediate  future, 
although  a  total  one  occurs  every  year  from  1907  to  1912,  that  of 
1907  is  likely  to  be  the  most  important  because  the  paths  of  its  suc- 
cessors are  for  the  most  part  inaccessible.  The  best  region  for  the 
1907  eclipse  is  available  by  means  of  railways  recently  constructed 
in  Russian  territory.  Also,  about  six  hundred  miles  northwest  of 
Peking,  the  eclipse  track  is  rather  difficult  of  access  in  Mongolia. 
The  writer  has  computed,  among  other  things,  the  positions  of  ten 
possible  stations,  exact  local  times  of  the  four  phases,  durations  of 
totality,  position  angle  of  first  contact,  and  sun's  altitude  and  azi- 
muth at  middle  of  eclipse. 


SOME  VARIABLE  STAR  PROBLEMS. 

BY  S.   I.  BAILEY. 

About  ten  years  ago  more  than  five  hundred  variables  were  found 
in  globular  clusters ;  and  further  discoveries  of  this  kind  are  possi- 
ble with  instruments  of  large  size  among  the  faintest  stars  in  the 
clusters  already  examined,  and  in  clusters  which  have  not  yet  been 
searched. 

The  variables  in  the  clusters  w  Centauri,  Messier  3  and  Messier  5 
have  now  been  studied.  There  are  in  these  clusters  three  hundred 
and  forty-eight  variables ;  for  two  hundred  and  seventy-three  of 
these  periods  have  been  determined,  averaging  about  half  a  day. 
Changes  in  brightness  are  very  rapid,  and  in  many  cases  the  regu- 
larity of  the  periods  is  so  great  that  these  stars  would  serve  as  good 
celestial  time-keepers. 

We  have  observed  the  clusters  from  five  to  twelve  years,  obtaining 
from  five  to  ten  thousand  returns  of  maxima,  so  that  periods  are  ob- 
tained which  are  correct  within  a  few  tenths  of  a  second.  For  sev- 
enty-five of  the  variables  periods  have  not  been  determined.  Of 
these,  sixty-five  are  too  difficult,  on  account  of  nearness  of  other 
stars,  smallness  of  the  range  of  variation,  or  both.  The  remaining 
ten  variables  present  peculiarities  not  yet  understood. 

While  our  observations  for  most  of  these  variables  are  -'atisfied 
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by  a  simple,  uniform  period,  there  are  a  number  of  cases  in  which 
it  has  been  necessary  to  introduce  a  second  term,  implying  a  secular 
variation  in  the  period.  Several  have  been  found  which  are  best 
explained  by  the  supposition  that  they  are  doubles,  both  components 
varying  with  the  same  period  but  with  alternate  maxima. 

The  presence  of  large  numbers  of  variables  in  some  clusters,  and 
few,  or  none,  in  others,  calls  for  an  explanation.  It  may  be  that  the 
axes  of  revolution  of  all  members  of  such  stellar  systems  are  parallel. 
^'ariability,  if  associated  with  revolution,  might  then  depend  on  the 
direction  from  which  the  system  is  seen.  Stars  which  vary  for  us 
may  be  unvarying  when  seen  from  some  other  point  in  space.  Again, 
variability  doubtless  marks  an  epoch  in  the  development  of  stars. 
This  epoch  may  be  in  the  past  for  some,  present  for  others,  and 
future  for  still  others. 

The  typical  form  of  light-curve  for  variables  in  clusters  is  difficult 
to  explain  on  the  theory  of  axial  revolution.  But  Dr.  R.  H.  Curtiss 
has  shown  recently  that  a  relation  exists  between  motion  in  the  line 
of  sight  and  variations  in  brightness  in  the  case  of  W  Sagittarii. 
Much  may  be  learned  by  an  extension  of  this  research  to  other  var- 
iable stars. 

MAXIMA  AND  MINIMA  OF  VARIABLE  STARS  OF  LONG 

PERIOD. 

BY   ANNIE   J.    CANNON. 

The  original  form  of  the  bibliography  of  variable  stars  undertaken 
several  years  ago  at  Harvard  College  Observatory,  for  which 
all  the  material  has  been  collected,  was  recently  modified  owing  to 
duplication  of  much  of  the  work  by  the  Gesellschaft  Committee  in 
their  proposed  complete  "Catalogue  of  Variable  Stars."  Tables  of 
observed  maxima  and  minima  for  class  II,  or  long  period  stars,  are 
now  being  printed.  Proof  sheets  of  such  tables  for  stars  between 
zero  and  six  hours  right  ascension  are  now  submitted  to  the  Society. 
These  tables  give  in  successive  columns,  calendar  date  of  the  ob- 
served phase,  Julian  date,  magnitude,  name  of  observer,  reference, 
epoch  and  residual  from  a  period  computed  by  a  formula  following 
the  name  of  the  star.  Residuals  have  been  calculated  without  the 
use  of  a  second  term  in  the  formula :  by  plotting  residual  curves  the 
form  of  correction  to  the  period  may  often  be  found.  Residual 
curves  of  T  Andromedse,  o  Ceti  and  S  Ursas  Majoris  were  shown  to 
the  Society.  The  residual  curve  of  S  Ursse  Majoris,  drawn  from  ob- 
servations extending  from  1843  to  1905,  shows  the  need  of  a  sine 
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term  in  the  formula.  The  residual  curve  of  T  Andromeda;  is  inter- 
esting in  connection  with  the  discussion  concerning  the  period  of 
this  star  soon  after  its  discovery.  Observations  of  o  Ceti  have  ex- 
tended over  a  longer  time  than  those  of  any  other  long  period  var- 
iable. The  residual  curve,  computed  from  observations  since  1596, 
shows  many  irregularities  and  explains  the  difficulty  of  deducing 
a  formula  to  represent  the  phases  of  this  star. 

It  is  hoped  that  these  tables,  by  bringing  together  so  much  ma- 
terial in  a  convenient  form,  may  prove  of  some  use  in  investigating 
the  variables  of  long  period. 

SYSTEMATIC  STUDY  OF  FAINT  STARS. 

BY  E.  C.  PICKERING. 

This  paper  described  work  that  has  been  in  progress  at  Harvard 
College  Observatory,  during  the  past  five  years,  in  studying  the 
faint  stars.  The  sky  was  divided  into  forty-eight  exactly  equal  parts, 
as  explained  in  detail  in  Harvard  Annals,  XIV,  477,  and  used  in 
various  publications  of  the  Observatory  during  the  last  twenty  years. 
Portions  of  the  sky,  one  degree  square,  in  the  centers  of  these  re- 
gions, have  been  chosen  for  detailed  study.  The  epoch  employed  is 
1900.  A  sequence  of  fifteen  stars  of  magnitudes  7.5  to  12.5  has  been 
selected  and  measured  with  the  twelve-inch  meridian  photometer, 
in  each  of  these  regions.  Photographs  have  been  taken  with  two 
hours'  exposure,  using  the  twenty-four-inch  Bruce  telescope,  show- 
ing stars  of  magnitude  16,  and  brighter,  and  these  have  been  enlarged 
to  a  scale  of  20"  =  i  mm.  Photographs  of  the  spectra  with  small 
dispersion,  showing  stars  to  magnitude  11,  have  been  taken,  and 
charts  in  and  out  of  focus  have  been  obtained.  Photographs  of  these 
regions  have  also  been  made  at  the  altitude  of  the  pole,  and  for  com- 
parison the  pole  itself  was  photographed  with  the  same  exposure 
upon  the  same  plate.  The  photographic  magnitudes  of  all  stars  in 
the  sequences  mentioned  above  can  thus  be  determined  on  the  same 
scale.  The  measurement  of  photometric  magnitudes  from  isochro- 
matic  plates  is  now  in  progress. 

Nearly  all  photographs  of  the  thirty-six  regions  north  of  declina- 
tion—  30°,  and  many  of  the  others,  have  been  completed;  the  en- 
tire work  would  probably  have  been  finished,  had  the  appropriation 
of  1902  been  continued. 
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DISTRIBUTION  OF  THE  STARS. 

BY  GEO.   C.  COMSTOCK. 

This  paper  deals  with  the  extent  of  the  visible  universe  and  with 
the  arrangement  of  the  stars  composing  it.  The  data  available  and 
utilized  for  the  discussion  are  of  two  kinds,  (a)  the  number  of  stars 
per  square  degree  of  the  sky  as  shown  by  the  enumerations  and 
gauges  of  Pickering,  Argelander,  Seeliger,  Celoria  and  the  Herschels, 
extending  from  the  brightest  stars  down  to  the  faintest  visible  in  the 
Herschel  telescope,  about  the  fourteenth  magnitude;  and  {b)  the 
average  distances  of  the  stars  of  each  individual  magnitude.  These 
distances  are  obtained  from  a  combination  of  the  velocity  with  which 
the  solar  system  moves  through  space  and  the  resulting  apparent  dis- 
placement of  the  stars  in  the  sky,  the  solar  motion  being  determined 
spectroscopically  and  the  displacement  of  the  stars  by  means  of  the 
meridian  circle.  Kapteyn  has  obtained  in  this  way  the  mean  dis- 
tances of  stars  from  the  third  to  the  ninth  magnitude ;  the  present 
paper  supplements  this  by  a  new  determination  of  distances  for 
stars  between  the  ninth  and  eleventh  magnitudes. 

Based  upon  a  part  only  of  the  above  material,  current  astronom- 
ical doctrine  affirms  that  the  visible  universe  is  a  stellar  system  of 
limited  extent  whose  boundaries,  at  least  in  some  directions,  lie  with- 
in reach  of  our  present  telescopes.  This  view  is  opposed  in  the  pres- 
ent paper,  where  it  is  pointed  out  that  the  evidence  in  favor  of  lim- 
ited extent  is  obtained  by  ignoring  two  important  factors  of  the 
problem ;  when  these  factors  are  taken  into  account  the  supposed 
evidence  vanishes. 

The  first,  and  more  important,  of  these  factors  relates  to  the  in- 
trinsic brightness  of  the  stars.  It  has  been  commonly  assumed  that 
the  fainter  stars  appear  faint  because  of  their  greater  distance  from 
the  earth  and  that  there  is  no  reason  to  suppose  them  to  be  intrin- 
sically less  luminous  than  the  bright  ones.  The  first  part  of  this 
statement  is  unquestionably  correct  as  far  as  it  goes;  the  second 
part  is  wholly  wrong.  The  faint  stars,  according  to  the  writer,  are 
less  luminous  than  the  bright  ones,  and  stars  of  any  given  magnitude 
emit,  on  the  average,  only  ninety  per  cent,  as  much  light  as  do  stars 
a  magnitude  brighter. 

The  second  factor  omitted  in  previous  discussions  is  not  here  ig- 
nored, but  rejected  as  useless.  The  known  existence  of  dark  matter 
or  cosmic  dust  scattered  through  space  leads  naturally  to  the  suppo- 
sition that  it  may  in  some  manner  effect  the  transparency  of  inter- 
stellar spaces  and  cause  an  appreciable  diminution  in  the  light  of 
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fainter  stars.  Although  this  view  has  been  rejected  from  current 
theories,  it  is  evident  from  mathematical  discussion  of  the  data  here 
considered  that  there  is  such  an  absorption  and  that  approximately 
five  per  cent,  of  light  is  lost  in  transmission  over  a  distance  equal  to 
a  million  times  the  diameter  of  the  earth's  orbit. 

In  abandoning  the  concept  of  a  stellar  system  of  limited  and  meas- 
urable extent  the  writer  considers,  provisionally,  the  consequences 
that  result  from  the  hypothesis  of  a  system  indefinitely  extended  on 
every  side,  with  substantial  uniformity  in  the  direction  of  the  Milky 
Way  but  thinning  out  on  either  side  of  the  2\Iilky  Way,  because 
the  stars  are  here  less  numerous,  or  less  brilliant,  or  because  a 
denser  cosmic  dust  more  effectually  quenches  their  light.  It  is 
impossible,  now,  to  decide  between  these  alternatives,  but  some- 
thing of  the  kind  is  operative,  and  any  one  of  the  alternatives  or  a 
combination  of  all  suffices  to  explain  every  feature  of  the  stellar  sys- 
tem for  which  the  current  theory  accounts.  The  new  hypothesis  also 
brings  out  features  hitherto  unrecognized  or  unexplained. 

The  stars  are  not  all  of  one  kind,  but  differ  among  themselves  in 
physical  condition  and  properties  which  the  spectroscope  is  able  to 
detect  and  analyze.  By  far  the  larger  part  of  the  stars  fall  into  one 
of  two  classes  which  the  spectroscopists  designate  as  type  I  and 
type  II,  and  which  they  regard  as  different  stages  of  development 
of  the  individual,  a  star  of  type  I  passing  over  with  increasing  age 
into  type  II.  Now  Professor  Pickering  has  shown  recently  that  these 
stellar  types  are  not  scattered  indiscriminately  throughout  the  sky, 
but  that  the  younger  stars,  type  I,  show  a  more  pronounced  tendency 
to  cluster  along  the  Milky  Way  than  do  the  mature  ones,  and  this 
tendency  grows  more  and  more  pronounced  with  diminishing  bright- 
ness of  the  stars.  It  is  difficult  to  see  why  this  should  be  so ;  why 
one  part  of  the  universe  should  lag  behind  the  rest  in  development, 
but  the  new  hypothesis  indicates  at  once  that  such  is  not  the  case. 
The  distribution  found  by  Professor  Pickering  is  only  an  apparent 
one  depending  upon  the  known  fact  that  the  type  I  stars  are  intrinsi- 
cally brighter  than  their  companions  of  type  II.  This  fact  alone  in 
a  system  such  as  is  here  supposed  would  produce  an  increasing  ac- 
cumulation of  faint,  and  therefore  distant,  stars  of  this  type  in  the 
region  adjoining  the  JMilky  Way,  although,  in  fact,  the  two  types 
may  be  everywhere  distributed  with  a  uniform  ratio  of  frequency. 

Other  matters  can  be  touched  upon  here  in  a  summary  way  only. 
It  is  an  immediate  consequence  of  the  present  hpothesis  that  any  con- 
siderable group  of  stars  in  a  part  of  the  sky  remote  from  the  Milky 
Way  must  on  the  average  be  nearer  to  us  than  a  group  of  similar 
stars  in  the  Milkv  Wav.    Although  this  relation  has  not  been  recog- 
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nized  hitherto,  the  writer  finds  from  his  own  observations  of  faint 
stars  between  the  ninth  and  twelfth  magnitudes  that  such  is  the  fact, 
the  stars  in  the  Milky  Way  being  twenty-eight  per  cent,  more  distant 
than  the  mean  of  all  other  stars.  It  is  commonly  stated  that  the 
brightest  stars  emit  an  amount  of  light  enormously  greater  than  that 
given  by  the  sun,  1,000  or  10,000  times  as  much,  but  from  the  meas- 
ured magnitudes  and  distances  of  the  stars  it  appears  that  while  the 
large  majority  are  brighter  than  the  sun,  few  if  any  are  more  than 
two  hundred  times  as  bright. 

Much  of  the  investigation  contained  in  this  paper  is  summed  up 
in  a  series  of  formulas,  one  of  which  shows  the  number  of  stars  in 
the  sky  that  are  brighter  than  a  given  magnitude,  e.  g.,  the  tenth. 
Another  shows  the  average  distance  of  the  stars  of  any  assigned 
magnitude.  A  partial  proof  of  the  substantial  accuracy  of  the  nu- 
merical work  contained  in  the  paper  is  found  in  the  fact  that  this 
last  formula,  although  based  solely  upon  distances  of  the  fainter 
stars,  derived  by  an  indirect  process,  is  in  excellent  agreement  with 
the  directly  measured  distances  of  the  brightest  stars. 

PHOTOMETRIC  INVESTIGATIONS. 

BY  F.  H.  SEARES. 

This  paper  is  a  summary  of  results  in  an  investigation  of  the 
wedges  belonging  to  a  Pickering  equalizing  stellar  photometer.  Two 
wedges  were  examined ;  one  of  photographic  film,  the  other  of  shade 
glass.  Absorption  curves  were  determined  by  means  of  a  disc  pho- 
tometer. The  magnitude  scales  underlying  these  curves  were  then 
compared  with  that  of  the  Miiller  and  Kempf  catalogue  of  Pleiades 
stars.  Magnitude  differences  of  twenty-one  pairs  of  stars  were 
measured  and  the  results  compared  with  the  catalogue.  The  stars 
observed  range  from  7.24  to  10.76  magnitudes  ;  the  magnitude  differ- 
ences, from  0.80  to  3.52  magnitudes,  with  an  average  of  1.8  magni- 
tude. 

Eight  observations  were  made  with  the  shade  glass  wedge  upon 
each  pair.  With  three  exceptions,  each  pair  was  measured  upon  at 
least  four  different  nights.  The  results  for  this  wedge  are :  probable 
error  of  a  single  observation  of  four  comparisons,  ±0.066  magni- 
tude ;  average  deviation  of  mean  magnitude  difference  from  the  cat- 
alogue difference,  0.07  magnitude :  deviation  of  wedge  magnitude 
scale  from  the  scale  of  Miiller  and  Kempf,  for  the  range  8.2 — lo.o 
magnitudes,  -)-  0.028  magnitude.  The  scale  agreement  is  to  be  con- 
sidered satisfactory,  since  the  deviation  is  not  greater  than  may  arise 
from  personality  alone. 
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Results  for  the  photographic  wedge  were  derived  from  five  obser- 
vations upon  each  pair,  measured  on  three  nights.  The  resuUs  are: 
probable  error  of  a  single  observation  of  four  comparisons,  ±  0.078 
magnitude;  average  deviation  from  the  Miiller  and  Kempf  magni- 
tude difiference,  0.12  magnitude ;  scale  difference,  —  0.073  rnagnitude. 
The  two  scales  can  be  brought  into  agreement  by  multiplying  the 
ordinates  of  the  absorption  curve  of  the  photographic  wedge  by  the 
factor  0.961. 

The  photographic  wedge  has  been  discarded  in  favor  of  that  of 
shade  glass. 

Details  of  the  investigation  are  to  be  found  in  Lazvs  Obsenvtory 
Bulletin,  No.  7. 

SOME  PECULIAR  SPECTRA. 

BY  MRS.  W.  P.  FLEMING. 

The  examination  of  stellar  spectrum  photographs  at  Harvard  Col- 
lege Observatory,  forming  part  of  the  work  of  the  Henry  Draper 
Memorial,  has  enabled  us  to  follow  new  stars  until  they  became 
gaseous  nebulas,  too  faint  for  observation.  Since  v/e  can  pass  from 
gaseous  nebulas  to  stars  of  class  O,  or  type  V,  in  which  characteristic 
bright  lines  extend  from  wave-length  4600  to  4800,  thence  to  stars 
having  several  hydrogen  lines  bright  with  dark  lines  of  helium  also 
present,  and  from  the  latter  through  classes  B,  A,  F,  G,  K  and  M, 
we  may  assume  that  we  have  a  key  to  the  formation  of  the  stellar 
universe. 

In  putting  together  results  from  an  examination  of  variable  stars 
whose  spectra  are  of  class  Md  it  was  found  that  a  few  stars  were 
assigned  to  several  subdivisions  extending  from  Md  i  to  Md  10,  the 
most  marked  case  being  S  Carinae.  Further  examination  showed 
actual  changes  in  the  spectrum,  which  probably  (as  in  the  case  of 
/3  Eyra^)  follow  closely  the  variations  in  light.  R  Scuti  also  shows 
changes,  and  quite  recently  R  Cygni,  another  long  period  variable, 
has  been  added  to  this  list. 

The  spectrum  of  the  star  (now  known  to  be  a  gaseous  nebula) 
—  12°  1 172,  magnitude  9.2,  when  found  on  Harvard  photographs, 
has  always  led  to  an  examination  of  the  list  of  novai  before  that  of 
nebulas,  since  in  this  spectrum  the  bright  nebular  lines  at  wave- 
lengths 5003  and  5007  are  quite  faint,  the  hydrogen  lines,  H^,  He, 
HS,  Hy,  and  ///?  are  bright  and  of  normal  intensity,  while  the  most 
marked  feature  is  the  broad  bright  line  at  wave-length  3724.  This 
is  not  generally  well  defined  in  photographic  spectra  of  gaseous 
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nebulie,  in  which  the  strong  Hne  in  the  violet  end  is  3868,  of  sHghtly 
shorter  wave-length  than  HiC,. 

The  star  Z.C.  18''  1935,  magnitude  9,  shows  a  peculiar  form  of 
spectrum  not  yet  assigned  to  its  class.  The  continuous  spectrum 
contains  strong,  dark  bands  of  which  the  most  marked  extend  from 
4650  to  4710.  This  agrees  closely  with  the  strong  characteristic 
bright  line  in  spectra  of  the  fifth  type.  A  few  other  stars  with  sim- 
ilar spectra  have  been  announced  in  Harvard  Circulars.  The  var- 
iable star — Crucis,  R.A.  =  12'^  5o™.7,  Dec.  =  —  57°  21'  (1900),  has  a 
spectrum  similar  to  that  of  Z.C.  iS""  1935,  but  in  it  the  hydrogen  lines 
Hy  and  Hp  are  bright,  as  in  variables  of  the  earlier  subdivisions 
of  class  Md. 

No  other  spectrum  has  yet  been  found  on  these  photographs  like 
that  of  IT*  Gruis,  but  that  of  R  Cygni,  as  photographed  on  December 
2,  1890,  bears  a  closer  resemblance  to  it  than  any  other  spectrum 
yet  photographed  here. 

BURNHAM'S  FORTHCOMING  GENER.-\L  CATALOGUE 
OF  DOUBLE  STARS. 

BY  EDWIN  B.  FROST. 

With  Professor  Burnham's  permission  a  brief  statement  is  made 
here  regarding  this  important  undertaking,  the  basis  for  which  has 
existed  in  manuscript  for  many  years.  A  grant  from  the  Carnegie 
Institution  in  1903  made  publication  possible,  and  rather  more  than 
four-fifths  of  the  work  has  now  been  set  up  and  electrotyped.  It 
includes  about  thirteen  thousand  double  stars  north  of  31°  south 
declination. 

Part  I  consists  of  a  tabular  catalogue,  in  quarto  form,  giving  in 
order  of  right  ascension  the  position,  first  measures,  observer  and 
other  data,  in  eleven  columns. 

Part  II  contains  notes  on  the  stars,  selected  measures  (up  to  date 
of  printing),  showing  motion  or  otherwise,  present  relation  of  the 
components,  and  references  to  all  published  measures. 

This  part  will  include  some  10,000  unpublished  observations  made 
at  the  Yerkes  Observatory  in  the  last  five  years,  and  about  as  many 
more  furnished  principally  by  Messrs.  Aitken  and  Hussey  of  the 
Lick  Observatory  and  Eric  Doolittle  of  the  Flower  Observatory. 

It  is  hoped  that  the  work  may  be  published  during  the  year  1906. 
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PHOTOGRAPHIC  PHOTOMETRY  OF  RAPIDLY  CHANG- 
ING VARIABLE  STARS. 

BY  J.  A.  PARKHURST  AND  F.  C.  JORDAN. 

The  light-curves  of  certain  rapidly  changing  variables  were  de- 
termined from  a  series  of  short  exposures  on  a  single  plate,  taken 
with  the  twenty-four-inch  Yerkes  reflecting  telescope.  In  order  to 
utilize  fully  the  advantages  of  the  method,  (i)  the  exposures  were 
made  short,  so  as  not  to  smooth  out  the  light-curve;  (2)  a  number 
of  comparison  stars  were  used;  (3)  diameters  of  the  focal  images 
were  measured  to  o.ooi  mm.  under  the  microscope. 

The  variable  stars  investigated  by  this  method  were: 


Star. 

U  Cephei, 

W  Ursae  Majoris, 

RW   Tauri, 

Number  of 

Plates. 

I 

3 

7 

Number  of 
Exposures. 

20 

35 

55 

14.    1904   Cygni, 
32    Cassiopeias 

8 

4 

53 

72 

Results. —  (i)  U  Cephei.  The  well-known  curve  was  reproduced, 
with  average  residuals  of  ±  0.04  magnitude.  (2)  W  Ursae  Majoris. 
The  curve  is  similar  to  that  drawn  by  Miiller  and  Kempf ;  with  cor- 
rections to  their  ephemeris  for  epoch  1777,  -}-  2™ ;  epoch  1945,  +  I3""- 
(3)  RW  Tauri.  The  range  is  3^4  magnitudes,  the  most  rapid  change 
at  the  rate  of  three  magnitudes  per  hour;  the  correction  to  Picker- 
ing's ephemeris  for  epoch  2598  is-l-38";  epoch  2602,  +  37™.  (4) 
14.1904  Cygni.  The  range  is  0.7  magnitude,  the  period  is  3''  i"  26^4; 
the  curve  resembles  the  "cluster  type."  (5)  32  Cassiopeise  (sus- 
pected variable).  No  variation  was  found  beyond  accidental  errors 
of  measurement,  the  mean  residuals  for  the  four  plates,  each  cover- 
ing the  greater  part  of  the  suspected  period,  being  zt  0.05,  ±  0.05, 
rt  0.06  and  ±  0.04  magnitudes. 

SPECTROGRAMS  TAKEN  AT  DAROCA,  SPAIN,  AUGUST 

30,  1905  U.  S.  NAVAL  OBSERVATORY  ECLIPSE 

EXPEDITION. 

BY  S.  A.   MITCHELL. 

Five  spectrographs  were  employed ;  three  gratings  and  the  other 
two  alike  having  a  dispersion  of  one  weak  prism.  Weather  condi- 
tions were  perfect.  Results  with  the  two  larger  instruments  are  as 
follows : 
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1.  Parabolic  grating,  diameter  four  inches,  with  14,438  lines  to 
the  inch  and  a  focal  length  of  five  feet.  The  dispersion  of  this  in- 
strument is  about  the  same  as  the  Bruce  three-prism  spectrograph 
of  the  Yerkes  Observatory  and  the  Mills  spectrograph  of  the  Lick 
Observatory.  The  distance  from  D3  to  H  is  almost  exactly  seven 
inches,  the  total  length  of  the  photographed  spectrum  being  9.5 
inches.  The  definition  is  excellent  throughout  the  whole  length  of 
the  flash,  which  extends  from  D,  to  A  330x3,  and  shows  a  very  great 
number  of  lines. 

The  spectrum  taken  near  mid-totality  shows  some  interesting  cor- 
onal rings.  The  green  coronium  ring  appears  very  plainly  and  two 
rings  in  the  extreme  ultra-violet  are  just  as  prominent  on  the  photo- 
graph as  the  green  ring.  As  the  plate  used  has  a  photographic  ac- 
tion which  is  just  as  intense  in  the  ultra  violet  as  in  the  green,  it 
would  seem  that  the  corona  is  very  rich  in  ultra-violet  rays.  The 
following  coronal  lines  are  seen  at  approximately,  AA  3381,  3388, 
3455.  3643.  3984.  4228,  4565,  4618  and  the  coronium  line  at  A  5303. 

2.  Flat  Grating,  with  15000  lines  to  the  inch,  and  a  ruled  surface 
3J/2  x  6  inches.  The  lens  is  a  Clark  five-inch  visual  with  a  focal 
length  of  about  six  feet.  On  the  photographs  the  distance  from  D3 
to  K  is  eight  inches.  In  the  flash  spectrum  lines  can  be  seen  beyond 
D  toward  the  red  almost  to  C.  This  is  the  end  of  the  spectrum 
most  desired,  and  the  focus  is  excellent  from  F  to  the  extreme  of 
the  red.  The  green  coronium  ring  also  appears  on  the  plates  taken 
near  mid-totality. 

OBSERVATIONS  OF  RADIAL  VELOCITIES. 

BY  EDWIN  B.   FEOST. 

The  four  principal  programs  of  observations  with  the  Bruce  spec- 
trograph of  the  Yerkes  Observatory  are :  ( i )  standard  velocity  stars ; 
(2)  stars  of  Orion  type;  (3)  visual  binaries;  (4)  miscellaneous  var- 
iable stars.  About  500  plates  of  over  100  stars  of  program  (2)  have 
been  measured  (many  in  duplicate)  ;  three  or  more  satisfactory 
plates  have  been  obtained  of  135  stars  of  the  Orion  type,  and  one  or 
two  plates  of  forty  more. 

It  is  important  to  secure  at  this  epoch  good  determinations  of  the 
sight-line  velocity  component  for  visual  binaries  of  program  (3). 
With  Burnham's  assistance  an  observing  list  was  compiled  contain- 
ing 120  stars  known  to  be  binary,  and  bright  enough  to  be  observ- 
able with  the  Bruce  spectrograph,  at  least  with  one  prism.  Prefer- 
ence was  given  to  pairs  dififering  in  magnitude  sufificiently  to  pre- 
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vent  confusion  of  spectra,  and  for  which  the  brighter  component 
would  have  fairly  sharp  lines. 

The  writer's  measurements  of  P  Cygni  show  that  the  strong  and 
broad  bright  components  of  the  hydrogen  and  helium  lines  have 
only  a  very  small  displacement,  corresponding  to  a  radial  velocity 
of  about  12  km.  per  second  of  approach;  while  the  dark  components, 
sharply  defined  at  each  margin,  and  comparatively  narrow,  yield 
very  large  displacements  toward  the  violet,  differing  for  hydrogen 
and  helium.  If  interpreted  by  Doppler's  principle,  the  velocities 
(approach)  would  be  about  190  km.  for  hydrogen  and  150  km.  for 
helium;  the  three  blue  silicon  lines  seem  to  have  no  bright  compon- 
ents, and  from  these  a  consistent  value  of  about  80  km.  (approach) 
is  derived.  An  attempt  to  account  for  these  differences  as  a  result 
of  overlapping  of  the  dark  and  bright  lines  has  not  yet  been  success- 
ful. A  comparison  with  Belopolsky's  observations  of  this  star  made 
in  1899  indicates  that  the  displacements  are  not  variable.  Physical 
cause  may  be  responsible  for  this  remarkable  spectrum. 

Spectrograms  of  the  variable  star  RT  Cygni,  obtained  in  conjunc- 
tion with  Parkhurst,  when  the  star  was  of  magnitude  7.5,  showed 
bright  Hy  and  //8  with  an  exposure  as  short  as  45  minutes.  These 
bright  lines  were  very  strongly  displaced  toward  the  violet,  corres- 
ponding to  an  approaching  radial  velocity  of  100  km.  per  second. 
It  now  seems  probable  that  this  did  not  vary  during  the  first  half 
of  December,  1905,  which  period  included  the  five  plates  obtained. 

It  is  possible  that  variations  occur  in  the  bright  lines  of  Pleione, 
which  were  very  weak,  if  present,  on  three  plates  recently  obtained, 
although  they  were  shown  on  spectrograms  taken  by  the  writer  at 
Potsdam  in  1891,  and  on  Harvard  plates.  The  spectrum  of  a  Co- 
lumbse  is  peculiar,  and  yu,  Orionis  has  been  found  to  be  a  spectro- 
scopic binary. 

THE  SOLAR  CORONA,  AS  OBSERVED  BY  THE  U.  S.  NAV- 
AL OBSERVATORY  ECLIPSE  EXPEDITION,  AU- 
GUST 30,  1905,  AT  PORTA  CCELI,  SPAIN. 

BY  G.  H.  PETERS. 

The  observing  station  was  near  the  eastern  coast  of  Spain,  north 
of  Valencia.  It  was  located  about  ten  miles  north  of  the  southern 
limit  of  the  shadow  path,  for  the  purpose  of  studying  especially  the 
regions  about  the  southern  pole  of  the  sun. 

The  corona  at  this  eclipse,  occurring  near  the  sun-spot  maximum, 
had  a  structure  entirely  different  from  those  of  1900  and  1901.    The 
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polar  rays  were  nearly  obliterated  by  numerous  streamers  and  wings, 
which  were  nearly  equally  prominent  throughout  the  whole  circum- 
ference. The  entire  corona  exhibited  a  mass  of  fine  details,  consider- 
ably striated,  and  to  a  great  extent  intermingled. 

VACANT  REGIONS  OF  THE  SKY. 

BY  E.  E.  BARNARD. 

There  are  two  distinct  classes  of  these  vacancies.  The  commonest 
form  has  all  the  appearance  of  real  openings  in  the  bed-work  of  stars 
— through  which  there  is  an  uninterrupted  view  of  space.  The  other 
class,  mainly  found  in  Ophiuchus  and  Scorpio,  suggest  the  presence 
of  a  nebulous  substratum  among  the  stars.  The  appearance  of  these 
latter  regions  is  widely  different  from  ordinary  vacancies,  their 
marked  features  being  areas  devoid  of  stars,  yet  apparently  filled 
with  some  other  substance  in  which  blacker  holes  occur,  as  if  there 
were  a  nebulous  veiling  pierced  with  holes  and  rifts. 

The  most  remarkable  of  these  regions  are  those  about  6  and  p 
Ophiuchi,  the  latter  being  connected  with  the  great  nebula  of  p  Ophi- 
iichi.  From  this  latter  region  a  straggling  vacant  lane  runs  easterly 
for  a  distance  of  some  15°  and  connects  with  a  great  chasm  just  east 
of  0  Ophiuchi.  Some  vacancies  near  this  latter  star  are  very  small 
and  very  curious,  all  showing  more  or  less  the  appearance  of  vacan- 
cies within  vacancies. 

Attention  is  called  to  the  probable  relative  smallness  of  stars  form- 
ing the  bedwork  of  the  Milky  Way  near  Antares.  The  small  stars 
here  seem  to  be  intimately  related  to  the  great  nebula  of  p  Ophiuchi. 
But  the  nebula  certainly  involves  such  naked  eye  stars  as  p  Ophi- 
uchi and  o-  Scorpii,  and  appears  to  involve  even  Antares.  Reason- 
ing from  this  that  the  nebula,  the  small  stars  of  the  Milky  Way,  and 
the  brighter  stars  here,  are  at  relatively  the  same  distance  from  us, 
the  natural  conclusion  is  that  the  apparently  great  difference  in  size 
between  the  above-named  stars  and  the  groundwork  of  small  stars 
of  the  Milky  Way  at  this  point  is  not  so  much  due  to  a  greater  dis- 
tance of  the  smaller  stars  as  to  their  being  actually  very  much 
smaller. 
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DETERMINATION  OF  ABSOLUTE  STAR  POSITIONS  BY 
PHOTOGRAPHY. 

BY  E.   C.  PICKERING. 

It  is  proposed  to  determine  the  absolute  positions  of  a  zone  of 
equatorial  stars  by  means  of  photography.  A  telescope  of  long 
focus  is  pointed  to  the  intersection  of  the  equator  and  meridian,  and 
motion  is  given  to  the  photographic  plate  equal  to  that  of  the  stars. 
Reference  points  are  furnished  by  holes  through  which  a  small  in- 
candescent light  shines  on  the  plates.  Current  is  sent  from  a  stand- 
ard clock,  which  should  be  kept  underground  at  a  uniform  temper- 
ature and  pressure.  As  observations  would  extend  over  one  year  at 
least,  errors  depending  on  the  sun's  position  should  be  eliminated. 
The  only  parts  of  the  apparatus  that  need  be  rigid  are  the  objective 
and  the  plate  carrying  the  reference  holes.  So  long  as  the  images, 
which  have  an  exposure  of  about  a  minute,  are  sensibly  circular,  or 
uniformly  elongated,  slight  motions  of  the  photographic  plate  are 
unimportant.  The  principal  advantage  of  this  method  is  that  stars  as 
faint  as  the  tenth  or  eleventh  magnitude  may  be  recorded,  and  a  large 
part  of  the  entire  region  may  be  photographed  in  a  single  night. 
It  might  be  better  to  photograph  a  zone  a  little  north  of  the  equator 
in  mid-winter,  at  a  station  so  far  north  that  observations  could  be 
made  continuously  during  twenty-four  hours.  Many  forms  of  small 
systematic  error  would  thus  be  eliminated. 

THE  POLARIS  VERTICAL  CIRCLE  METHOD  OF  DETER- 
MINING TIME  AND  AZIMUTH. 

BY   F.   H.   SEARES. 

The  vertical  circle  method  of  observing  for  time  and  azimuth  has 
been  known  for  a  century  or  more,  is  capable  of  affording  very 
precise  results,  but  has  never  found  general  acceptance  on  account 
of  a  laclf  of  satisfactory  methods  of  reduction.  The  most  important 
methods  have  been  devised  by  Dollen  and  Harzer.  The  formulae  of 
Dollen  are  not  sufficiently  accurate  for  many  purposes ;  moreover, 
the  ephemerides  necessary  for  the  use  of  his  formulas  are  no  longer 
published.  The  method  of  reduction  proposed  by  Harzer  lacks  noth- 
ing in  precision,  but  the  calculations  are  unnecessarily  long.  Laws 
Observatory  Bulletin,  No.  5,  contains  a  method  which  affords  the 
desired  precision,  and  permits  of  a  saving  of  three-tenths  in  the  labor 
of  calculation  as  compared  with  the  process  of  Harzer.  The  present 
paper  separates  the  features  which  are  essential  for  the  practical  ap- 
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plication  of  the  method  from  certain  purely  theoretical  considerations 
contained  in  Bulletin  No.  5,  and  is  intended  to  exhibit  more  clearly 
the  simplicity  and  brevity  of  the  operations  involved  in  the  employ- 
ment of  the  writer's  formulas. 

Although  it  is  not  contended  that  the  vertical  circle  method  can 
profitably  replace  the  older  methods  in  all  cases,  the  following  ad- 
vantages are  claimed: 

1.  A  saving  in  labor  when  it  is  necessary  to  determine  both  time 
and  azimuth. 

2.  A  gain  in  precision  and  a  saving  in  labor  in  the  determination 
of  time  with  unstable  instruments,  especially  when  it  is  desirable  to 
secure  all  possible  accuracy. 

3.  A  frequent  saving  in  time  and  labor,  irrespective  of  whether 
the  instrument  be  stable  or  unstable,  when  it  is  necessary  to  work 
through  clouds. 

4.  When  applied  to  the  engineer's  transit,  it  affords  a  very  sim- 
ple and  precise  method  of  determining  time  in  the  field,  and  frees 
the  observer  from  any  necessity  of  waiting  for  an  elongation  of 
Polaris  in  order  to  secure  observations  for  azimuth. 

DETERMINATION  OF  ADJUSTMENT  ERRORS  FOR  THE 
POLAR  AXIS  OF  AN  EQUATORIAL. 

BY  ERIC  DOOLITTLE. 

The  method  consists  in  measuring  the  position  angle  of  a  pair  of 
stars  close  to  the  pole.  Each  measure  gives  an  equation  for  deter- 
mining the  position  angle,  supposed  unknown,  and  the  instrumental 
errors.  From  several  measures  at  different  hour  angles  the  latter 
can  be  determined  with  a  degree  of  accuracy  probably  higher  than 
by  any  method  in  which  the  circles  of  the  instrument  are  used.  The 
ordinary  formulae  must,  however,  be  considerably  modified  for  this 
purpose. 

Two  determinations  of  the  error  of  adjustment  for  the  eighteen- 
inch  equatorial  belonging  to  the  Flower  Observatory  were  made,  the 
results  agreeing  within  i  second,  and  the  probable  error  of  each 
result  being  less  than  1.5  seconds. 

The  advantages  of  the  method  are  that  observations  are  very  easily 
made,  that  there  is  no  moving  of  the  dome  or  observing  chair,  and 
that  the  time  need  only  be  known  very  roughly.  The  setting  circles 
are  not  read,  and  hence  their  errors  of  graduation  do  not  affect  the 
result.  The  disadvantage  is  that  the  subsequent  labor  of  reducing 
positions  of  polar  stars  to  apparent  place  is  so  great  as  to  preclude 
the  method  becoming  of  much  practical  value. 
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THE  HOUGH  DOUBLE  STARS. 

.       BY  ERIC  DOOLITTLE. 

Work  on  the  622  double  stars  discovered  by  Hough  has  been  car- 
ried on,  only  about  fifty  of  them  now  remaining  unmeasured.  It  is 
hoped  that  these  may  be  finished  during  the  present  year. 

THE  OBSERVATIONS  OF  SUN-SPOTS  BY  THE  LATE 
C.  H.  F.  PETERS. 

BY  EDWIN   B.  FROST. 

It  has  been  for  many  years  a  matter  of  regret  to  students  of  the 
sun  that  the  solar  observations  by  this  careful  observer  have  re- 
mained inaccessible.  In  1904  the  Carnegie  Institution  decided  to 
publish  them,  and  the  writer  was  requested  to  edit  them. 

The  observations  cover  the  decade  from  May  i860,  to  May  1870, 
with  some  interruptions,  and  more  than  13,000  heliographic  posi- 
tions of  spots  were  accurately  determined  on  over  1,100  days.  The 
first  year's  observations  overlap  the  last  year  of  Carrington's  series, 
and  Spoerer's  observations  at  Anclam  extend  from  1861  to  1871. 
While  it  is  thus  decidedly  unfortunate  that  Peters's  results  could 
not  have  been  published  thirty-five  years  ago,  their  value  for  com- 
parative purposes  is  still  great,  and  they  were  obtained  with  better 
instrumental  equipment  than  the  other  two  contemporary  series. 

The  manuscript  was  supposed  to  have  been  left  by  Dr.  Peters  in 
a  condition  for  printing,  but  some  abridgment  of  the  tabular  data 
has  now  seemed  desirable.  No  manuscript  has  been  found  describ- 
ing the  method  of  observation  or  procedure  used  in  obtaining  the 
constants  of  reduction,  which  constants  in  fact  have  to  be  inferred. 
The  galley  proofs  of  the  tabular  part  have  now  been  read,  and  it  is 
hoped  that  the  volume  can  be  issued  during  1906. 

COMPUTED  TRACKS   AND  TOTALITY-DURATIONS   OF 

TOTAL  SOLAR  ECLIPSES  IN  THE  TWENTIETH 

CENTURY. 

BY  DAVID  TODD  AND  ROBERT  11.   BAKEJ?. 

Their  tracks  of  visibility  have  been  calculated  and  charted  as  ac- 
curately as  possible.  This  has  been  done  from  Oppolzer's  tables 
{Canon  der  Finsternisse) ,  the  most  reliable  at  present  in  existence, 
and  Oppolzer's  own  charts  corrected.  The  longest  eclipses  of  the 
next  half-century  are: 
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191 1,  April  28,  duration  sVz  minutes. 

1919,  May  29,  duration  7      minutes. 

1922,  September  21,  duration  6^  minutes. 

1923,  September  10,  duration  4  minutes. 
1926,  January  14,  duration  4I/2  minutes. 
1929,  May  9,  duration  55/2  minutes. 
1937,  June  8,  duration  yYz  minutes. 
1940,  October  i,  duration  6  minutes. 
1944,  January  25,  duration  4^^  minutes. 
1947,  May  20,  duration  SV2  minutes. 
I9S5.  June  20,  duration  75^  minutes. 


AN  ANALYTICAL  METHOD  OF  DETERMINING  ORBITS 
OF  NEW  SATELLITES. 

BY  A.   O.   LEUSCHNER. 

This  paper  contains  formula  for  the  computation  of  osculating 
elements  of  a  material  point  moving  under  the  attraction  of  more 
than  one  mass,  from  three  or  more  geocentric  observations.  It  is 
applicable  to  satellites,  comets  or  asteroids  which  are  greatly  dis- 
turbed during  the  time  over  which  the  observations  available  for 
the  computation  of  an  orbit  extend.  The  resulting  osculating  ele- 
ments are  the  elements  that  would  result  from  a  solution  irrespec- 
tive of  the  perturbations  if  the  observed  right  ascensions  and  declin- 
ations of  the  material  point  could  be  corrected  in  advance  for  the 
perturbations,  starting  with  an  arbitrary  epoch  of  osculation  within 
the  range  of  the  observations.  As  in  the  short  method  proposed 
by  the  writer  for  deriving  orbits  of  comets  and  asteroids,  the  right 
ascension  (a)  and  declination  (8),  their  velocities  (a',  8').  and  ac- 
celerations (a",  8"),  are  determined  empirically  for  the  date  of  an 
observation  near  the  middle  of  the  available  data.  Being  accurately 
determined  from'  the  disturbed  geocentric  coordinates,  these  six 
quantities  correspond  to  the  osculating  elements. 

In  the  case  of  a  distant  satellite  of  Jupiter  disturbed  by  the  sun, 
let  the  geocentric  coordinates  and  distance  of  the  satellite  be  a,  8,  p, 
and  of  Jupiter  (a),  (8),  (p).  Let  the  Jovicentric  coordinates  and  dis- 
tance of  the  satellite  be  x,  y,  z,  r,  and  the  corresponding  heliocentric 
quantities  [.r],  [y],  [5],  [r].  Further,  let  {k)-  =  mk-,  where  m 
denotes  the  mass  of  Jupiter. 

Then  from  the  equation  of  motion  of  the  satellite  referred  to  Jupi- 
ter's center  as  origin,  we  have. 
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and  the  corresponding  equations  in  y  and  z,  three  equations  are  de- 
duced which  give  p,  p',  p",  in  terms  of  known  coordinates,  velocities 
and  accelerations,  and  in  terms  of  the  unknowns  {r)  and  [r].  The 
complete  expression  for  p  is 

/>  =  r,  +  i;:^  +  ^. 

A,  B  and  C  being  expresed  in  terms  of  known  quantities.  The  solu- 
tion of  this  equation  together  with  the  equations 

[i-y  =  R'  +  p'  —  2Rp  cos  m 
r"  =  (pY  +  p'  -  2(p)p  cos  W 

gives  all  the  values  of  p  corresponding  to  the  various  possible  solu- 
tions. In  practice,  the  solution  of  these  equations  is  very  simple. 
From  p  the  value  of  p'  is  derived.  The  remaining  steps  leading  to 
the  osculating  elements  are  similar  to  those  of  the  short  method. 
The  short  method,  itself,  is  a  special  case  of  that  under  discussion, 
terms  depending  upon  the  mass  of  Jupiter  dropping  out  and  the 
motion  being  referred  to  the  center  of  the  sun. 

Among  other  special  cases  of  this  analytical  method  is  that  ob- 
tained by  omitting  the  terms  depending  upon  the  solar  attraction  in 
these  formulae.  The  resulting  formulae  will  then  be  those  for  the 
determination  of  the  undisturbed  motion  of  the  satellite.  The  gen- 
eral method  is  applicable  to  material  points  moving  under  the  attrac- 
tion of  any  number  of  masses.  The  method  presents  the  advantage 
that  it  is  free  from  all  arbitrary  assumptions,  whether  introduced 
with  the  assistance  of  graphical  construction  or  otherwise,  and  that 
it  reveals  all  possible  sets  of  osculating  elements  which  will  represent 
the  disturbed  geocentric  positions  given  by  observation. 

PLANETARY  INVERSION. 

BY   WILLIAM    H.    PICKERING. 

This  paper  was  illustrated  with  a  gyroscope.  The  subject  has  al- 
ready been  treated  theoretically  in  other  places,  and  the  present  paper 
is  therefore  purely  experimental.  The  gyroscope  was  arranged  so 
that  it  could  turn  about  an  axis  passing  through  the  plane  of  the 
wheel,  and  also  about  a  vertical  shaft  which  supported  it. 

According  to  the  nebular  hypothesis,  when  the  rings  or  spirals 
surrounding  a  central  sun  broke  up  into  planets,  each  planet  would, 
by  Kepler's  third  law,  have  a  retrograde  rotation.  The  fact  that 
nearly  all  planets  rotate  in  the  opposite  direction  has  always  been 
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held  a  serious  objection  to  the  hypothesis,  and  several  different  sug- 
gestions have  been  offered  to  explain  the  discrepancy.  None  of 
these  even  attempted,  however,  to  explain  the  rotation  of  Uranus, 
which  lies  in  a  plane  practically  at  right  angles  to  the  orbit. 

The  gyroscope  was  set  spinning  in  a  retrograde  direction.  The 
stand  which  supported  it  was  then  held  by  the  speaker  at  arm's 
length,  while  he  gave  himself  a  slow  direct  rotation  upon  his  feet, 
thus  imitating  the  motion  of  a  retrograde  planet  in  its  orbit.  By 
applying  friction  to  the  vertical  shaft,  and  thus  introducing  the 
effect  of  an  annual  tide  upon  a  planet,  it  was  shown  that  the  gyro- 
scope would  slowly  shift  its  plane  of  motion.  Its  equator  first  be- 
came inclined  to  the  orbit,  like  that  of  Neptune,  and  later  nearly  at 
right  angles  to  it  like  that  of  Uranus.  The  shifting  of  the  plane  of 
rotation  continuing  in  the  same  direction,  the  rotation  itself  now 
became  direct,  and  its  plane  gradually  approached  that  of  the  orbit. 
The  inclination  was  before  long  the  same  as  that  of  Saturn,  and  later 
the  same  as  that  of  Jupiter.  The  two  planes  now  practically  coin- 
cided, and  the  rotation  and  revolution  were  in  the  same  direction. 

When  this  became  the  case  the  plane  of  rotation  had  reached  a 
position  of  stable  equilibrium,  unaffected  further  by  tidal  action. 
Reversing  the  direction  of  orbital  motion  again  shifted  the  plane  of 
rotation,  which  now  also  became  retrograde,  showing  that  the  phe- 
nomenon exhibited  was  a  real  property  of  the  gyroscope,  as  had  in- 
deed been  proved  theoretically,  and  was  not  an  effect  due  to  some 
faulty  construction  of  this  particular  instrument. 

TABLES  FOR  THE  REDUCTION  OF  PHOTOGRAPHIC 
MEASURES. 

BY   BURT    L.    NEWKIRK. 

These  tables  are  intended  to  facilitate  the  transformation  from 
standard  rectangular  coordinates  to  differences  of  right  ascension 
and  declination  as  well  as  the  converse  transformation,  and  the  cor- 
rection for  refraction,  including  terms  higher  than  the  first  order  in 
the  measured  coordinates.  Being  intended  primarily  for  use  in  the 
reduction  of  plates  made  with  certain  lenses  belonging  to  the  Berke- 
ley Astronomical  Department,  which  cover  a  field  some  ten  degrees 
in  diameter,  they  are  applicable  to  stars  whose  right  ascensions  differ 
from  that  of  the  center  of  the  plate  by  five  degrees  or  less  and  whose 
declinations  dift'er  from  that  of  the  center  of  the  plate  by  five  degrees 
or  less,  no  matter  what  the  declination  of  the  center  of  the  plate 
may  be. 
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The  tables  for  the  transformation  of  standard  rectangular  coor- 
dinates into  intervals  of  right  ascension  and  declination  and  its  con- 
verse are  based  upon  Professor  Turner's  fundamental  relations: 

II  =  tan  {d  —  5„) 
tan  d  =  tan  8  sec  (a  —  Oo) 
tan  (a  —  a„) 

{  sec  d  = 

cos  {d  —  5„) 

Three  tables  have  been  constructed,  giving  quantities  A,  B,  C,  such 
that,  given : 

d  —  S„  =:  ^7,  —  A, 

"■  —  a^  ^  ki  sec  5  —  C, 

d  —  5  =  B, 


giving : 
or,  given : 

In  which 


5  —  5,  =  rf  —  5„  _   id  —  5), 

Oo,  S„,  a,  8, 
d  —  S  =  B, 

kr,  =  d  —  S,  -\-  A, 
ki  sec  d  —  (a  —  Oo)  -f-  C. 

Oo,  8„  =  coordinates  of  center  of  plate; 

a,  S  ^=  coordinates  of  star ; 

?,  7j  =  standard  coordinates  of  star; 

k  =  scale  value  factor. 

The  tables  for  the  determination  of  the  refraction  correction  are 
also  based  upon  formulas  of  Professor  Turner: 

A.r  =  (X  —  c)t, 

Ay   ==(K-  J,)/, 

;=  ^  +  -^"  +  y' 

MI  +  xX  +yY 
In  which 

X  Y     ) 
'         \=  true  coordinates  of  zenith  and  star  projected  on  plate; 

Ax         )  .      . 

A  J-  =:  projections  on  plate  of  total  displacement  of  star  due  to  refraction; 

At  :=  refraction  constant. 

The  tables  are  so  constructed  that  the  terms  of  Ax  and  Ay,  which 
represent  the  displacement  common  to  the  star  and  the  center  of  the 
plate,  have  been  omitted.  Those  terms  of  A.r  which  are  proportional 
to  X  and  the  terms  of  Ay  which  are  proportional  to  y  have  also  been 
omitted,  these  corrections  being  automatically  applied  in  the  deter- 
mination of  the  plate  constants. 
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A  CONTRIBUTION  ON  ASTRONOMICAL  REFRACTION. 

BY  RUSSELL  TRACY  CRAWFORD. 

An  investigation  of  the  constant  of  refraction  was  made  in  the 
year  1899  which  resulted  in  the  discovery  that  this  so-called  constant 
is  a  function  of  the  zenith  distance.  The  observations  were  made 
with  the  Repsold  meridian  circle  of  the  Lick  Observatory  and  re- 
duced by  a  method  which  is  the  converse  of  Talcott's  method  of  de- 
termining latitude. 

This  method  has  both  its  advantages  and  disadvantages.  Among 
the  former,  the  most  important  are:  first,  total  elimination  of  the 
latitude,  and  hence  also  of  its  variation ;  second,  elimination  of  the 
nadir  reading ;  third,  there  is  no  wait  of  twelve  hours  or  six  months 
in  order  to  observe  a  star  at  both  culminations ;  fourth,  only  one  half 
of  any  error  of  observation  or  in  the  declinations  used  enters  into 
the  reductions ;  and,  finally,  the  simplicity  of  the  observations. 

The  greatest  disadvantage  lies  in  the  fact  that  the  declinations  have 
to  be  considered  known.  But  by  taking  fundamental  stars,  such  as 
those  of  Professor  Newcomb's  new  "Fundamental  Catalogue,"  and 
by  taking  a  large  number  of  these  stars,  this  difficulty  will  be  nearly 
eliminated. 

Two  independent  series  of  observations  were  made  for  this  inves- 
tigation.    One  was  made  during  the  summer  months,  giving 

A  log  /t  =  o.oooioi  (s6''.6  —  2). 

The  other  made  during  the  winter  months  gives 

A  log  M  =  0.000117  (S9°.3  —  2). 

Combining  these  into  one  solution,  the  two  constants  of  the  ex- 
pression become 

-|-  0.000108  ±  o.ooooio    and    58°   ±  &°, 
so  that  the  Pulkowa  tables  should  be  corrected  by 
A  log  /*  =  0.000108  (58°  —  s) 

where  s  is  the  zenith  distance  in  degrees. 

The  efficiency  of  tables  constructed  by  applying  this  correction  to 
the  Pulkowa  tables  may  be  shown  by  comparing  a  series  of  observa- 
tions reduced  by  the  two.  In  his  preliminary  reductions  of  his  ob- 
servations of  the  Piazzi  southern  stars,  Professor  Tucker  has  used 
the  Pulkowa  refractions.  In  his  final  reductions,  he  has  corrected 
his  declinations  for  errors  in  refraction  which  are  given  as  a  func- 
tion of  the  zenith  distance.  Auwers  has  published  further  correc- 
tions to  reduce  Tucker's  results  to  his  fundamental  system  {Abhdlg. 
s.  d.  Astronomischen  Nachrichfen,  No.  7).    The  differences  between 
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the  corrections  Auwers  ■ —  Tucker  and  those  resulting  from  this  in- 
vestigation are  less  than  the  probable  errors  of  observations  found 
by  Tucker. 

A  SOLAR  PLANISPHERE. 

BY   SARAH    F.    WHITING. 

In  connection  with  the  students'  laboratory  work  at  Whitin  Ob- 
servatory, Wellesley  College,  a  device  for  working  problems  in  rela- 
tion to  the  hours  of  day,  night  and  twilight,  at  dififerent  latitudes  at 
different  times  of  year,  has  lately  been  worked  out  chiefly  by  E.  Re- 
becca Ellis,  assistant.  We  do  not  find  this  simple  contrivance,  which 
we  call  a  solar  planisphere,  elsewhere  described. 

Using  a  stiff  card,  the  sphere  is  projected  on  the  plane  of  the  me- 
ridian. The  horizon  and  twilight  circles  eighteen  degrees  below  are 
also  drawn.  Upon  another  smaller  circular  card,  pivoted  to  the 
first  at  its  center,  the  six-o'clock  hour-circles  through  the  poles,  the 
equator,  and  diurnal  paths  of  the  sun  at  the  solstices  are  projected 
in  straight  lines.  Harmonic  projections  of  the  hour-circles  for  every 
twenty  minutes  are  marked  on  these. 

By  revolving  the  movable  card  the  pole  can  be  set  to  the  proper 
elevation  for  any  latitude,  and  the  number  of  hours  of  darkness,  twi- 
light and  daylight  can  be  read.  The  time  of  sunrise  and  sunset  and 
the  meridian  altitude  of  the  sun  at  noon  or  midnight  can  also  be 
measured. 

These  fundamental  phenomena  should  be  made  clear  even  in  pre- 
paratory schools,  but  from  our  observation  of  college  students  it  is 
evident  they  are  not.  To  put  such  a  piece  of  apparatus  into  the 
hands  of  each  student,  with  which  he  can  solve  a  set  of  problems, 
would  be  another  move  in  the  direction  of  individual  laboratory  work 
in  general  astronomy  which  it  seems  so  difficult  to  secure. 

The  model  has  been  entrusted  to  the  Arthur  Hall  Scientific  Com- 
pany, of  Boston,  for  reproduction,  in  the  hope  that  it  may  be  of 
service. 

THE  REPSOLD  MEASURING  APPARATUS  OF  THE  STU- 
DENTS' OBSERVATORY,  BERKELEY,  CAL. 

BY  BURT  L.   NEWKIRK. 

This  paper  contains  an  investigation  of  the  instrument,  with  a 
determination  of  corrections  which  must  be  applied  to  measures 
made  with  it.  The  method  employed  in  measuring  division  errors 
of  the  scales  is  essentially  the  one  employed  by  Gill  for  the  scales  of 
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the  Cape  heliometer  and  Repsold  measuring  apparatus.  Corrections 
are  determined  for  each  hne  of  the  A'-scale  and  for  seventy  hnes 
(from  line  230  to  Hne  300)  of  the  F-scale.  The  corrections  are 
given  to  ten-thousandths  of  a  milHmeter  and  are  accurate  to  within 
a  few  units  of  the  last  place. 

The  irregularities  of  the  X-micrometer  throughout  three  revolu- 
tions have  been  investigated  and  a  table  of  the  corresponding  cor- 
rections determined  b}'  the  method  outlined  in  Briinnow's  Spherical 
Astronomy,  p.  426,  fourth  German  edition.  Two  independent  de- 
terminations yield  results  differing  by  about  .0003  mm.  in  the  maxi- 
mum. 

The  straightness  of  the  cylinder  which  determines  the  F-axis  and 
of  the  bar  which  determines  the  A'-axis  was  also  tested,  as  well  as 
the  perpendicularity  of  the  directions  of  these  two  parts  of  the  ap- 
paratus. The  cylinder  and  bar  were  found  to  be  very  satisfactory 
and  their  directions  are  made  perpendicular  by  adjustment. 

The  measurement  of  the  distance  between  two  well-defined  points 
on  a  plate,  first  as  a  difference  of  X  coordinates  and  then  as  a  differ- 
ence of  Y  coordinates,  yields  results  differing  by  slightly  more  than 
the  error  of  measurement,  indicating  that  the  F-scale  is  not  exactly 
parallel  to  the  plate.  The  maladjustment  in  this  particular  would 
introduce  an  error  into  the  measures  that  would  in  general  be  entire- 
ly negligible. 

Tables  are  added  for  applying  the  necessary  corrections  to  meas- 
ured coordinates. 

THE  FORTY-FOOT  CAMERA  OF  THE  U.  S.  NAVAL  OB- 
SERVATORY ECLIPSE  STATION  AT  GUELMA, 
AFRICA. 

BY   VV.    W.   DINWIDDIE. 

This  instrument  was  mounted  horizontally  and  the  light  was  led 
to  it  by  the  mirror  of  a  Gaertner  coelostat.  Three  ventilating  doors 
were  made  in  the  lower  side  of  the  forty-foot  tube,  which,  operated 
in  connection  with  the  trap  doors  in  the  roof  of  the  building  at  the 
plate  end  of  the  tube,  gave  perfect  ventilation  and  kept  the  whole 
instrument  cool. 

The  shutter  used  in  making  the  exposures  during  totality  was 
placed  in  a  nearly  horizontal  position  above  the  mirror,  and  not  be- 
tween the  lens  and  mirror,  as  is  customary.  The  sunshade  over  the 
building  and  tube,  and  the  wall  of  the  tube,  which  was  on  the  oppo- 
site side  from  the  sunshade,  were  all  whitewashed  with  ordinary 


256  ASTRONOMICAL  AND  ASTROPHYSICAL 

lime.  The  sunshade  was  of  opaque  black  cloth,  and  all  the  inner 
surfaces  were  black. 

At  the  time  of  the  eclipse  eight  exposures  were  made  as  follows : 
2=,  5^2,  13^2,  i'"28m,  38^.3,  6^8,  5^  and  an  exposure  of  one-fourth 
second  about  ten  seconds  after  third  contact.  All  the  negatives  are 
sharp  and  clean.  The  unusual  completeness  of  the  series  gives  every 
part  of  the  corona  in  fine  detail  on  one  or  more  of  the  plates.  The 
first  exposure  shows  a  very  large  group  of  prominences.  The  short 
exposure  made  after  the  reappearance  of  the  sun  shows  the  entire 
ring  of  the  corona.  On  this  plate  the  prominences  on  the  bright 
limb  are  shown  in  fine  detail,  and  from  it  good  measures  may  be 
made  of  the  height  of  the  chromosphere. 

The  first  and  fourth  contacts  were  observed  visually  from  the 
image  on  the  face  of  the  focal  plane  shutter,  and  recorded  by  a  stop- 
watch. I  think  that  this  method  of  observing  the  outer  contacts  has 
advantages  over  the  ordinary  method  of  observing  the  limb  with  a 
small  telescope.  The  times  of  the  exposures  were  marked  on  the 
chronograph  by  a  key  operated  by  an  assistant  who  looked  after  the 
coelostat  clock,  set  the  mirror,  etc. 

The  plates  were  thoroughly  backed  with  water-color  lampblack, 
which  was  carefully  wiped  off  before  development.  Distilled  water 
was  used  in  developing  and  fixing,  and  after  washing,  the  plates 
were  rinsed  in  distilled  water. 


POLARIZED  CORONAL  LIGHT,  AUGUST  30,  1905. 

BY  C.  D.  PERRINE. 

Observations  of  polarized  light  in  the  corona  were  made  by  the 
Lick  Observatory-Crocker  Eclipse  expedition  to  Alhama,  Spain.  A 
double-image  prism  was  used  in  connection  with  a  camera  of  twen- 
ty and  three-fourths  inches  focal  length,  in  continuation  of  the  work 
at  Sumatra  in  1901. 

More  efficient  apparatus  was  designed  for  the  recent  eclipse,  and 
plane  glass  mirrors  were  used  as  analyzers.  These  cameras  were  of 
fifty  inches  focal  length  and  yielded  sharp  images  of  good  scale  for 
photometric  measurement.  Strong  radial  polarization  is  shown  on 
all  the  negatives. 
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ANOMALOUS   REFRACTION. 

BY  FRANK  SCHLESINGER  AND  C.  B.  BLAIR. 

Under  ordinary  circumstances  the  atmosphere  is  disposed  in  hor- 
izontal strata  of  uniform  density ;  but  these  strata  may  be  incHned 
occasionally  to  the  earth's  surface  giving  rise  to  anomalous  refrac- 
tion. 

In  this  case  the  usual  expression  for  refraction  should  be  replaced 
by  a  somewhat  different  one,  deduced  by  the  writer.  The  new  for- 
mula has  been  applied  to  observations  made  in  1900  and  1901  at  the 
six  international  latitude  stations,  with  the  object  of  discovering 
whether  the  effect  of  anomalous  refraction  is  large  enough  to  justify 
the  frequent,  but  vague,  appeals  which  have  been  made  to  this  source 
of  error  in  order  to  account  for  inconsistencies  in  meridian  work. 
From  this  discussion  it  appears  that  observers  have  little  to  fear  from 
this  cause. 

An  important  corollary  to  this  conclusion  relates  to  Kimura's  re- 
cently discovered  term  in  the  latitude  variation,  independent  of  lon- 
gitude. The  present  paper  makes  it  highly  probable  that  this  phe- 
nomenon has  a  real  existence  and  is  not  due,  as  has  been  suggested, 
to  anomalous  refraction. 


NEW  VARIABLE  STARS  IN  THE  SMALL  MAGELLANIC 

CLOUDS. 

BY  HENRIETTA  S.  LEAVITT. 

At  the  meeting  of  the  Astronomical  and  Astrophysical  Society 
held  in  Philadelphia  in  December,  1904,  a  brief  account  was  given 
by  the  writer  of  methods  and  results  in  a  study  of  faint  variable  stars 
recently  undertaken  at  Harvard  College  Observatory.  The  most  re- 
markable regions  as  yet  examined  are  the  Nebula  of  Orion  and  the 
two  Magellanic  clouds.  These  were  mentioned  a  year  ago,  when  it 
was  reported  that  the  numbers  of  variables  in  the  large  and  the 
small  Magellanic  clouds  were  one  hundred  and  fifty-two  and  fifty- 
seven,  respectively.  In  the  autumn  of  1904,  a  series  of  sixteen  plates 
was  taken  at  Arequipa,  covering  the  region  of  the  small  Magellanic 
cloud.  These  arrived  at  Cambridge  in  February  and  were  examined 
with  great  interest,  as  it  was  expected  that  the  number  of  variables 
would  be  considerably  increased.  The  result  of  the  examination, 
however,  exceeded  all  anticipations.  So  many  were  found  that  it 
was  April  before  the  preliminary  study  of  the  plates  was  completed 
and  it  could  be  announced  that  nine  hundred  new  variables  had  been 


258  ASTROXOMICAL  AND  ASTROPHYSICAL 

discovered.  The  number  has  since  been  increased  to  nine  hundred 
and  seventy,  and  new  ones  are  still  being  discovered  from  time  to 
time.  Measurements  of  the  positions  of  all  these,  selection  and 
measurement  of  a  large  number  of  sequences  of  comparison  stars, 
and  the  determination  of  a  provisional  light-scale,  have  necessarily 
consumed  much  time,  so  that  it  has  become  possible  to  begin  actual 
observation  of  the  brightness  of  the  variables.  Light-curves  thus 
far  deduced  are  of  well-defined  types.  Periods  of  many  of  the  var- 
iables appear  to  range  from  one  and  a  quarter  to  four  days.  A  num- 
ber, mainly  among  the  brighter  ones,  have  periods  of  from  one  to 
two  weeks,  while  very  few  appear  to  have  long  periods.  A  prelim- 
inary examination  of  recent  photographs  of  the  large  Magellanic 
cloud  shows  that  it  resembles  the  region  now  under  discussion  and 
it  is  probable  that  a  very  large  number  of  variables  will  be  found 
to  exist  within  its  limits.  Preparations  for  measuring  the  positions 
and  brightness  of  these  are  already  being  made. 

The  question  as  to  whether  there  are  other  regions  containing 
such  remarkable  groups  of  variable  stars,  is  of  the  greatest  interest. 
Not  less  important  is  the  general  problem  of  the  distribution  of  these 
fainter  variables.  An  exploration  of  new  regions,  therefore,  is  be- 
ing undertaken  as  time  permits,  and  even  negative  results,  though 
less  immediately  interesting,  are  valuable  as  a  contribution  toward 
an  ultimate  solution  of  the  problem. 

AMHERST  ECLIPSE  EXPEDITION  TO  TRIPOLI,  1905. 

BY  DAVID  TODD. 

Instruments  installed  on  the  rigid  roof-terrace  of  the  British  Con- 
sulate-General.    Six  departments  of  observation : 

1.  Observations  of  the  geometric  contacts. 

2.  Coronal  photography  with  a  twelve-inch  Clacey  lens  of  nine 
feet  focus,  photographically  corrected.  Eighteen  exposures  with 
semi-automatic  movements.  Baily's  beads  also  photographed  before 
second  contact.  My  modified  form  of  Burckhalter  revolving  occulter 
was  employed  on  the  corona.    Corona  photographed  to  30'. 

3.  Duplex  Clark  lenses  (photographic)  of  three  inches  aperture 
and  eleven  feet  focal  length,  for  long  exposures  on  the  circum-solar 
stars  and  the  outer  coronal  streamers.  No  intra-mercurial  planet 
revealed  on  14  x  17  plates  of  the  highest  sensitiveness,  stars  to  sev- 
enth and  eighth  magnitude. 

4.  A  three-and-one-half-inch  Goerz  doublet  of  thirty-three  and 
one-half  inches  focus,  attached  to  one  of  the  automatic  movements 
used  on  my  previous  experitions  of  1896,  1900  and  1901,  secured 
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63  fine  pictures  of  the  corona  during  the  186  seconds  of  totaUty. 
Some  of  these  show  the  coronal  streamers  to  exceptional  length. 

5.  Sketches  of  the  corona  with  usual  results. 

6.  Observations  of  shadow  bands  begun  at  least  ten  minutes  prior 
to  totality:  bands  wavering  and  narrow,  moving  swifter  than  one 
could  walk,  at  right  angles  to  the  wind,  their  length  with  it,  and 
waxing  and  waning  five  times  during  the  interval  of  observation 
preceding  totality.  These  observations  communicated  in  detail  to 
Mr.  Lawrence  Rotch  of  the  Blue  Hill  Observatory. 

THE  PHILADELPHIA  OBSERVATORY. 

BY   MONROE  B.    SNYDER. 

The  Philadelphia  Observatory,  an  outgrowth  of  the  old  Central 
High  School  Observatory  (1837-1900),  was  planned  by  the  writer 
for  an  astrophysical  observatory  to  begin  with  the  Twentieth  Cen- 
tury. The  plan  included  a  city  station,  chiefly  for  solar  work  and 
necessary  popular  instruction,  and  a  suburban  station,  not  yet  real- 
ized, where  certain  lines  of  celestial  photography  could  be  undertak- 
en. Peculiar  difficulties  delayed  completion  of  the  building  and 
equipment,  and  there  was  a  marked  absence  of  financial  and  other 
support  for  the  scientific  work,  so  that  not  until  early  in  1905  was 
the  really  superb  equipment,  designed  for  both  stations,  received, 
and,  as  far  as  possible,  erected  at  the  city  station  in  the  new  build- 
ing of  the  Philadelphia  Central  High  School. 

On  March  9,  1905,  a  destructive  fire  (probably  originating  in  a 
combination  gas  and  electric-light  fixture),  and  long  feared  by  the 
director  of  the  observatory  and  others  on  account  of  municipal  neg- 
lect of  the  usual  fire  precautions,  swept  the  tower  and  destroyed  an 
equipment  and  astronomical  library  valued  at  approximately  $55,000, 
and  produced  a  loss  in  equipment  and  building  of  more  than  $100,- 
000.  The  equipment  destroyed  represented  in  a  number  of  respects 
the  very  best  attainable  in  instruments  of  moderate  size,  and  in- 
cluded :  A  fifteen-inch  refractor  with  Warner  and  Swasey  mount- 
ing, the  finest  for  its  size,  and  provided  with  both  a  visual  objective 
and  a  photographic  objective  of  excellent  definition,  by  Brashear ; 
a  Wadsworth-Hale  spectroheliograph  designed  to  photograph  the 
sun  in  three  different  wave-lengths  simultaneously;  a  large  Keeler 
spectroscope  and  spectrograph,  attached  to  the  telescope  on  the  day 
of  the  fire  for  the  purpose  of  rediscovering  (during  maximum  solar 
activity)  Hale's  disturbance  in  the  sun's  spectrum ;  a  Warner  and 
Swasey  filar  micrometer;  a  four-inch  portable  transit   instrument 
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with  the  writer's  electrical  transiter  attached ;  clocks  and  chrono- 
graphs (partially  destroyed)  ;  a  five-inch  Rowland  concave  grating 
finely  mounted  by  Brashear ;  a  goodly  equipped  mechanical  shop  and 
photographic  laboratory ;  and  many  smaller  but  valuable  physical  ap- 
pliances. 

The  loss  of  a  carefully  selected  library  of  some  four  thousand  vol- 
umes representing  the  chief  periodicals  and  literature  in  astronomy 
and  astrophysics  almost  completed  the  destruction  of  years  of  effort. 
An  eight-inch  refractor  and  an  unmounted  set  of  Brashear  eight- 
inch  curved  plate  star  cameras  were  rescued. 

The  main  purpose,  under  the  conditions  of  work  hitherto  allotted, 
was  not  only  that  the  equipment  should  as  a  whole  express  the  best 
current  science,  but  that  certain  instruments  like  the  spectrohelio- 
graph  and  its  method  of  operating,  the  transiter,  the  new  form  of 
Hough  printing  chronograph,  and  the  large  curved  plate  star  cam- 
eras should  represent  distinct  advances  in  observatory  equipment. 

The  observatory  is  in  process  of  reconstruction. 

ORBIT  OF  THE  SEVENTH  SATELLITE  OF  JUPITER. 

BY  R.  T.   CRAWFORD  AND  A.  J.  CHAMPREUX. 

This  paper  gives  results  of  an  application  of  Leuschner's  Analyti- 
cal Method  of  Determining  the  Orbits  of  Nezv  Satellites.  Three  so- 
lutions were  made  which  are  designated  in  the  tabulation  given  be- 
low by  (Cr.  &  Ch.)„  (Cr.  &  Ch.)^  and  (Cr.  &  Ch.)3.  The  orbits 
are  based  on  Perrine's  positions  of  January  3,  February  8  and  March 
6,  1905.     The  first  set  of  elements  was  derived  irrespective  of  any 


ELEMENTS  OF  THE  SEVENTH   SATELLITE  OF  JUPITER    (DIRECT   MOTION)    REFERRED  TO 
THE    earth's    EQUATOR. 


Computer 

n 

I 

O) 

e 

Period 

a 

(Cr.  &  Ch.)i. . . . 

279°  45'     8" 

26°27'  14" 

006°  28'  42" 

0.12576 

25id.i4i5 

49'  48" 

(Cr.  &  Ch  )2. . . . 

289    47    45 

25  39  42 

189    IS     19 

0.13195 

255   -5376 

50  20 

(Cr.  &  Ch.)3. . . . 

288    19    59 

25  39  23 

187    29    41 

0.12152 

258  .9424 

50  47 

Perrine  (prel.)  . 

275    47 

26  15 

182      6 

0.24 

200 

43  48 

Ross  (final) 

281       7.8 

26  12 

331     16.8 

0.0246 

265   ,0 

52.54 

o  (Cr.  &  Ch.)  for  log  (p)  =  0.72124;  a  (Ross)  for  log  (p)  —  0.71624. 

perturbations.  The  second  represents  the  first  approximation  to 
elements  osculating  February  8  by  taking  immediate  account  of  the 
attraction  of  the  sun.  The  third  set  is  the  result  of  a  close  represen- 
tation of  the  observations  on  the  same  basis.  For  comparison,  the 
elements  by  Perrine   (Lick  Observatory  Bulletin,  No.  78)   and  by 
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Ross  (Lick  Observatory  Bulletin,  No.  82)  are  also  tabulated.  The 
first  set  of  elements  does  not  represent  an  observation  of  August  9 
any  better  than  those  of  Ross.  The  third  set,  however,  gives  the 
residuals  (0  —  C)  : 

Ap  —  -\-  2°.7 

As    =   +   5'  -2 

the  computed  positions  being  derived  directly  from  the  third  set  of 
elements  osculating  for  February  8  without  applying  the  solar  per- 
turbations February  8  to  August  9.  The  solar  perturbations  are  be- 
ing computed  for  all  observations  secured  since  the  discovery  ob- 
servations, by  an  adaptation  of  Encke's  method  of  special  perturba- 
tions in  rectangular  coordinates.  With  these  perturbations  it  is  ex- 
pected to  represent  recent  observations  closely.  Outstanding  differ- 
ences will  serve  to  correct  the  third  set  of  elements.  With  each  of 
the  three  sets,  a  second  solution  with  retrograde  motion  was  ob- 
tained. 


No  abstracts  are  available  for  the  following  papers  which  were 
also  presented  at  this  meeting: 

By  C.  L.  Poor:    The  Figure  of  the  Sun. 

By  N.  E.  Gilbert  :  Polarized  Light  in  the  Corona,  Eclipse  of 
1905. 

By  C.  C.  Trowbridge:  Resemblances  between  Persistent  Meteor 
Trains  and  the  Afterglow  from  Electrodeless  Discharges. 

By  G.  C.  Comstock:  A  Proposed  Method  for  the  Wholesale  De- 
termination of  Velocities  in  the  Line  of  Sight. 

By  J.  A.  Brashear:  On  Some  Evidences  of  Permanent  Set  in 
Optical  Surfaces. 

By  David  Todd:  On  the  Practical  Requisites  for  Securing  Per- 
fect Definition  in  Eclipse  Photography. 

By  C.  G.  Abbot:  A  Standard  Pyrheliometer  and  its  Use  on  Mt. 
Wilson,  California.     (Abstract  in  Science,  XXIIL,  p.  203.) 

By  R.  S.  DuGAN :  Magnitudes  and  Mean  Positions  of  359  Plei- 
ades Stars. 


EIGHTH  MEETING 

The  eighth  annual  meeting  of  the  Astronomical  and  Astrophysical 
Society  of  America  was  held  on  Thursday,  Friday  and  Saturday, 
December  27-29,  1906,  at  Columbia  University,  in  the  City  of  New 
York,  in  affiliation  with  the  American  Association  for  the  Advance- 
ment of  Science.  The  total  number  of  members  in  attendance  was 
fifty-one.  Thirty-two  papers  were  presented.  On  Friday  morning 
a  joint  session  of  the  Society  was  held  with  the  American  Mathe- 
matical Society  and  with  Section  A  of  the  American  Association. 

President  Pickering,  on  taking  the  chair,  discussed  three  lines  of 
work  which  he  believed  the  Society  should  pursue.  First,  by  co- 
operation to  carry  out  some  great  routine  investigation  too  extensive 
to  be  undertaken  by  a  single  observatory.  The  best  example  of  this 
was  the  accurate  determination  of  the  positions  of  the  northern  stars, 
by  European  and  American  observatories,  under  the  direction  of  the 
Astronomische  Gesellschaft.  Second,  to  bring  together  socially  as- 
tronomers from  all  parts  of  the  country,  especially  the  older  and 
younger  men.  The  latter  may  think  the  work  of  the  older  men  out 
of  date,  but  they  may  find  the  experience  of  the  older  men  and  their 
personal  acquaintance  with  the  eminent  men  of  still  earlier  date  of 
great  assistance.  The  older  men  have  much  to  learn  regarding  new 
methods,  and  the  extensive  appliances  at  their  command  may  often 
be  employed  to  much  greater  advantage  if  they  keep  themselves  per- 
sonally in  touch  with  the  most  recent  developments  of  astronomical 
research.  Third,  the  presentation  of  papers.  While  hitherto  this 
has  been  the  principal  function  of  this  and  other  societies  it  is  not 
necessarily  the  most  valuable.  General  discussions  are  more  inter- 
esting and  instructive  than  long  technical  papers.  It  may,  therefore, 
be  wise  to  follow  the  example  of  some  of  the  engineering  societies, 
and  print  abstracts  of  papers  for  distribution  some  days  before  the 
meeting.  A  brief  statement  is  made  by  the  author  of  each  paper, 
and  the  greater  portion  of  the  time  is  devoted  to  discussion.  The 
ideal  conditions  for  meetings  of  the  Society  would  seem  to  be— a 
large  hotel  where  all  would  eat  and  sleep  under  the  same  roof,  and 
where  the  meetings  could  be  held  in  the  same  building. 

On  the  afternoon  of  December  28,  a  general  discussion  took  place 
regarding  neglected  fields  of  work  in  astronomy,  in  which  a  large 
number  of  members  took  part,  and  the  views  expressed  were  varied 
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and  interesting.  Tlie  president,  in  opening  the  discussion,  cited  a 
number  of  examples  of  fields  of  work,  which  seemed  to  him  impor- 
tant but  neglected.  For  example,  in  the  astronomy  of  position,  the 
formation  of  a  standard  catalogue  of  stars  uniformly  distributed, 
having  similar  spectra,  and  of  nearly  the  same  magnitude.  Many 
troublesome  sources  of  error,  like  those  due  to  magnitude  and  color, 
would  thus  be  eliminated.  The  variation  of  latitude  should  be 
studied  at  a  series  of  southern  stations  like  those  now  in  operation  in 
the  northern  hemisphere.  The  systematic  search  for  double  stars 
of  the  ninth  magnitude  and  brighter,  undertaken  at  the  Lick  Obser- 
vatory, should  be  extended  to  the  south  pole.  Photometric  meas- 
ures of  faint  stars,  of  comparison  stars  for  faint  variables,  of  the 
components  of  clusters,  and  of  nebulae  are  much  needed.  It  is  not 
known  whether  the  spectra  of  nine-tenths  of  the  nebulae  are  gaseous 
or  continuous.  A  wide  field  is  opened  in  the  study  of  the  spectra  of 
bright  variables  when  faint,  and  of  faint  variables  when  bright,  of 
the  distribution  of  faint  spectra  and  of  the  components  of  clusters. 
The  election  resulted  as  follows : 

President Edward  C.  Pickering 

First  Vice-President George  E.  Hale 

Second  Vice-President William  W.  Campbell 

Secretary George  C.  Comstock 

Treasurer C.  L.  Doolittle 

„         .,        .  (  Ormond  Stone 

Councilors  for  1907-9 j  ^^  g.  Eichelberger 

The  council  designated  Harold  Jacoby  to  act  as  editor  for  1907-8. 


ABSTRACTS  OF  PAPERS 

DISTRIBUTION  OF  DOUBLE  STARS  IN  THE  ZONE  +  56° 

TO  +  90°. 

BY  R.   G.   AITKEN. 

The  survey  of  the  sky  undertaken  at  the  Lick  Observatory  to  se- 
cure data  for  a  statistical  study  of  the  number  and  distribution  of 
double  stars  is  well  advanced,  but  the  only  large  zone  completely 
examined  is  the  one  from  +  56°  declination  to  the  north  pole.  This 
region  was  divided  into  eight  smaller  zones,  four  of  which  were  ex- 
amined by  Professor  Hussey  and  four  by  the  present  writer.  By 
counts  of  the  stars  on  the  charts,  it  appears  that  12,299  stars  9.0  or 
brighter  were  examined  in  the  region  -}-  60°  to  -|-  90°.     Of  these, 
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two  Iiimdred  and  ninety-four  were  known  double  stars  and  two  hun- 
dred and  fifty-nine  more  were  found  to  be  double,  a  total  of  five 
hundred  and  fifty-three  pairs,  all  under  five  seconds  except  seven 
bright  stars,  giving  a  ratio  of  one  double  star  to  every  22^  stars 
to  9.0  magnitude. 

Tabulated  by  hours  of  right  ascension  and  by  zones  four  degrees 
wide,  it  was  found  that  the  distribution  curve  of  these  pairs  closely 
resembles  that  of  the  stars  to  9.0  magnitude  in  the  same  area,  but 
that  the  double  stars  are-  relath'ely  more  numerous  in  the  richer  sky 
areas. 

When  only  the  pairs  under  two  seconds  or  those  under  one  sec- 
ond, or  the  very  close  pairs,  or  the  brighter  pairs,  are  considered, 
the  same  relation  is  found ;  as  may  be  seen  from  the  following  table 
which  groups  the  results  by  quadrants : 


TABLE  :     ZONE   +   60°    TO   +   90°. 


Double 

0   h. 

to   6   h. 

6h.    to    12    h. 

12  h.  to  18  h. 

18  h.  to  24  h. 

Stars. 

No. 

Ratio. 

No. 

Ratio. 

No.     Ratio. 

No.     Ratio. 

Under  5" 

173 

1:19.4 

87 

1 :28.6 

86     1 :30.2 

207    I  :i8.7 

Under  2" 

113 

1:30 

Sb 

1:44 

66     1:39 

132     1 :29 

Under  i" 

7b 

1:44 

37 

1:67 

40     1 :6s 

80     I :48 

Under  1/3" 

15 

1:224 

9 

1:276 

II     1:236 

24     1:161 

7.5  Mag.  or 

49 

1:68 

23 

1:108 

18     1:144 

63     1 :6i 

brighter 

ZONE  -f  56°  9*  +  60° 


Under  5" 


98     1 :  14.4 


35     1 :20.4 


30     1 :22.4 


81     1:18.0 


The  zones  north  of  60°  were  examined  with  the  twelve-inch  tel- 
escope, but  for  fully  one-half  of  the  zone  -f-  56°  to  +  60°  the  thirty- 
six-inch  was  used.  In  this  zone  4257  stars  of  the  ninth  magnitude 
or  brighter  were  examined  and  one  hundred  and  thirty  new  double 
stars  were  added  to  the  one  hundred  and  fourteen  previously  known 
pairs,  giving  a  ratio  of  one  double  star  to  17.4  stars  to  the  9.0  mag- 
nitude. The  table  shows  that  the  relations  established  in  the  area 
north  of  60°  hold  true  here  also,  though  the  ratio  in  the  fourth  quad- 
rant is  affected  by  the  fact  that  in  this  quadrant  the  work  was  all 
done  with  the  twelve-inch  telescope.  It  is,  therefore,  safe  to  state 
that  in  this  entire  sky  area  the  double  stars  are  relatively  as  well  as 
absolutely  most  numerous  in  the  region  richest  in  stars  to  the  ninth 
magnitude,  that  is,  in  the  region  of  the  Milky  Way  .  The  study  of 
local  irregularities  in  the  distribution,  of  which  the  charts  give  evi- 
dence, is  reserved  for  a  later  paper. 
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THE  VARIABLE  RS  PERSEI. 

BY   IDA   WHITESIDE. 

Three  minima  of  this  star  observed  this  fall  indicated  a  period  of 
a  little  more  than  thirty-one  days,  through  about  two-thirds  of  which 
the  star  remained  constant  or  very  nearly  so.  This  period  also 
agreed  very  well  with  some  scattered  observations  published  in  the 
Astronomische  Nachrichten,  and  with  others  made  at  the  Vassar 
College  Observatory.  At  the  time  predicted  for  the  fourth  mini- 
mum the  star  failed  to  respond,  going  down  very  little  if  at  all.  It 
is  probably  irregular,  but  more  observations  are  needed  to  confirm 
this  statement.    The  range  is  only  about  a  magnitude,  from  8.2  to  9.2. 

A  SYSTEMATIC  ERROR  IN  DISTANCE  MEASURES  OF 
CLOSE  DOUBLE  STARS. 

BY  W.  H.  PICKERING. 

In  1900  a  series  of  measures  was  made  of  the  wide  double  star 
p.  Draconis.  Its  components  are  nearly  equal,  and  their  distance  is 
2".3.  The  observations  were  executed  with  a  five-inch  telescope 
whose  aperture  could  be  reduced  by  a  series  of  diaphragms  to  half 
an  inch.  A  magnification  of  300  was  usually  employed.  It  was 
found  when  the  aperture  was  so  small  that  the  disks  of  the  two 
components  were  in  contact,  or  nearly  so,  that  the  distance  between 
their  centers  was  materially  reduced.  With  an  aperture  of  0.6  inch 
the  two  centers  coincided.  Had  they  remained  at  their  true  distance 
apart,  their  combined  image  would  have  been  appreciably  elongated, 
instead  of  which  it  was  perfectly  circular. 

It  occurred  to  the  writer  to  determine  if  the  same  effect  was  pro- 
duced in  the  case  of  close  double  stars  where  large  apertures  were 
employed.  A  selection  of  suitable  cases  was  made  from  Lewis's  re- 
cent publication  of  measures  of  the  Struve  stars.  It  was  found  that 
the  apertures  employed  by  various  observers  could  be  divided  into 
three  classes,  those  of  about  eight  inches,  those  of  fifteen  inches,  and 
those  of  about  thirty  inches.  When  the  separation  was  so  slight  that 
the  star  disks  would  have  appeared  in  contact,  or  nearly  so,  with 
the  smaller  telescopes,  it  was  found  that  the  measures  made  with 
them  were  uniformly  about  ten  per  cent,  too  small.  When  the  images 
were  well  separated  the  large  and  small  telescopes  gave  identical  re- 
sults. 

The  earl}'  measures  made  on  fn  Draconis  with  the  very  small  aper- 
tures indicate  that  the  deviation  is  a  real  rather  than  a  subjective  one. 
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and  that  the  star  images  actually  approach  one  another  owing  to 
some  diffraction  phenomenon.  It  would  appear,  therefore,  that  fu- 
ture catalogues  of  close  double  stars  should  always  give  the  reader 
an  opportunity  of  knowing  the  aperture  employed  with  every  obser- 
vation. A  more  detailed  account  of  this  investigation  will  shortly 
appear  in  the  Harvard  Annals,  Vol.  6i. 


THE  TENTH  SATELLITE  OF  SATURN. 

BY   W.   H.   PICKERING. 

The  elements  of  the  orbit  of  the  tenth  satellite  of  Saturn,  recently 
published  {Harvard  Annals,  Vol.  53),  were  based  on  negatives  taken 
at  Arequipa  in  1904.  An  examination  of  another  set  of  negatives 
taken  in  1900  has  just  been  completed.  The  satellite  was  found  upon 
them  also,  but  some  of  the  elements  of  its  orbit  differ  materially 
from  those  found  in  1904.  This  is  particularly  true  of  the  eccen- 
tricity and  the  inclination.  The  orbit  of  1904  was  extremely  eccen- 
tric, and  it  was  noted  in  the  publication  above  mentioned  that  in  one 
part  the  satellite  would  pass  extremely  near  to  Titan.  It  was  further 
suggested  that  the  peculiarities  of  the  orbit  might  be  due  to  such 
a  recent  encounter. 

The  orbit  of  1900  was  found  to  be  nearly  circular,  at  times  passing 
near  Hyperion,  however.  It  was  not  possible  to  tell  from  the  nega- 
tives just  when  or  how  the  elements  had  been  transformed  from  those 
of  one  orbit  to  those  of  the  other,  if  such  a  transformation  had  in- 
deed taken  place,  but  it  seemed  at  least  as  probable  as  that  two  satel- 
lites should  exist  with  practically  the  same  period.  The  orbit  is 
still  under  investigation,  and  later  results  will  be  published  in  the 
Harvard  Annals,  Vol.  61. 

PHOTOGRAPHIC    COLOR    PHOTOMETRY    OF     SHORT 
PERIOD  VARIABLE  STARS. 

BY    J.    A.    P.\RKHURST    AND    F.    C.    JORDAN. 

The  broad  problem  of  astronomical  color  photometry  finds  an 
interesting  application  in  the  determination  of  color  changes  in 
short  period  variables  of  the  8  Cephei  type.  Various  observers,  by 
indirect  methods,  have  found  that  these  variables  show  stronger 
color  at  minimum  than  at  maximum.  As  the  spectroscope  shows 
these  stars  to  be  binaries,  a  proof  of  color  change  coincident  with 
light-variation  would  be  of  the  highest  importance.    A  direct  deter- 
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mination  of  such  changes  is  made  possible  by  a  suitable  combina- 
tion of  color-filter,  orthochromatic  plate  and  reflecting  telescope. 
An  exposure  on  an  ordinary  plate  (Seed  27)  was  followed  immedi- 
ately by  one  with  a  filter  and  Cramer  'Trichromatic'  plate,  which  give 
visual  magnitudes  (as  described  by  R.  J.  Wallace  in  the  Astro  phys- 
ical Journal  for  November,  1906).  The  two  principal  advantages 
of  the  method  are  :  ( i )  the  simultaneous  determination  of  the  visual 
and  photographic  magnitudes;  (2)  elimination  of  personal  equation 
with  its  physiological  complications,  from  the  visual  magnitudes  of 
the  colored  stars,  and  the  substitution  of  the  peculiarities  of  the 
instrumental  outfit,  which  can  be  definitely  stated  and  exactly  repro- 
duced. 

Briefly  stated,  the  results  confirm  the  color-changes  in  the  short 
period  variables  under  observation,  the  photographic  range  being 
greater  than  the  visual ;  in  other  words,  the  color-factor  (photo- 
graphic minns  visual  magnitude)  is  greater  at  minimum  than  at 
maximum.    Three  stars  will  illustrate  the  results  obtained. 


X  CYGNI 

Visual 

Photographic 

Color  Factor 

Maximum 
Minimum 
Range 

6.28  Mag. 
0.87 

7.25   Mag. 

8.75 

1.50 

0.97   Mag. 

1.60 

0.63 

T    VULPECULAE 

Maximum 
Minimum 
Range 

5-50 
6.10 
0.60 

6.05 
6.  go 
0.85 

0.80 
0.2s 

S    SAGITTAE 

Maximum 
Minimum 
Range 

5-33 
5.9s 
0.62 

5. 85 
6.93 
1.08 

0.52 
0.98 
0.46 

We  have  then  the  following  results: 

1.  Binary  systems,  showing  orbital  revolution. 

2.  Colored  stars,  pointing  to  atmospheric  absorption. 

3.  A  regular  variation  in  that  color   (i.  e.,  that  absorption). 

STANDARD  PHOTOGRAPHIC  MAGNITUDES. 

BY    EDWARD    C.    PICKERING. 


(By  title). 
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ON  THE  PROBABLE  DISTANCE  OF  ORION. 

BY   HEXRY   NORRIS   RUSSELL. 

Almost  all  the  bright  stars  in  Orion  are  similar  in  spectrum  and 
proper  motion,  and  are  probably  at  roughly  equal  distances  from 
us.  Their  very  small  proper  motions  indicate  that  their  parallax 
is  too  small  to  be  directly  measured,  and  Gill's  observations  of 
P  Orionis  confirm  this  view. 

But  many  of  these  stars  are  double,  and  some  appear  to  be  physical 
systems  showing  more  or  less  motion — always  very  slow.  It  is  possi- 
ble to  derive  a  relation  between  the  parallax  and  mass  of  such  systems 
and  the  observed  distance  and  rate  of  motion,  which,  though  not 
exact  in  any  one  case,  give  good  mean  values  when  applied  to  sev- 
eral stars.  Tests  of  this  relation  on  forty  well-known  binaries  show 
that  its  probable  error  for  a  single  case  is  about  twenty  per  cent. 
Applying  it  to  nineteen  pairs  which  appear  to  belong  to  the  Orion 
group,  and  to  be  physical  systems,  we  find  for  their  mean  parallax 
IT ^ o". oil /y'm,  where  m  is  their  average  mass,  and  -k  is  subject  to 
considerable  uncertainty  owing  to  errors  of  observation. 

There  are  many  spectroscopic  binaries  in  Orion,  but  orbits  have 
been  published  for  only  two.  These  indicate  that  the  average  mass 
of  these  stars  is  about  ten  times  that  of  the  sun,  (subject  to  revision 
when  more  data  are  available).  This  leads  to  a  mean  parallax  of 
o".oo5  or  a  distance  of  about  600  light  years. 

For  reasons  already  mentioned,  this  should  be  regarded  only  as  an 
indication  of  the  order  of  magnitude  of  the  true  distance.  Errors 
of  observation,  and  also  errors  of  judgment  in  including  as  physical 
systems  pairs  which  may  ultimately  turn  out  to  be  optical,  would 
both  tend  to  make  the  calculated  parallax  too  great. 

THE     NUMBER     AND     DISTRIBUTION     OF     STELLAR 
CLUSTERS  AND  NEBULAE. 

BY  S.   I.  BAILEY. 

The  visible  universe  beyond  our  solar  system  is  made  up  of  two 
classes  of  objects,  stars  and  nebulae.  All  star  clusters  may  be 
divided  into  two  classes,  irregular  and  globular ;  the  Pleiades  serve 
to  represent  the  former,  and  the  cluster  in  Hercules,  the  latter.  The 
term  nebulae  may  be  applied  to  any  nebulous  object,  whatever  its 
real  naturC;  which  can  not  be  resolved  into  stars.  .^11  nebulae  may 
be  divided  conveniently   into  two  classes,  gaseous  and  white,   the 
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former  giving  a  spectrum  of  bright  lines,  the  latter  an  apparently 
continuous  spectrum.  The  best  known  example  of  the  former  is 
the  great  nebula  in  Orion,  of  the  latter,  the  great  spiral  in  Andromeda. 

Somewhat  less  than  seven  hundred  resolvable  star  clusters  are 
known  in  the  whole  sky.  Less  than  six  hundred  of  these  are  irreg- 
ular; nearly  all  are  in  or  near  the  Milky  Way,  of  which  they  form 
an  intimate  part,  as  has  long  been  known.  More  than  one  hundred 
globular  clusters  are  known,  the  distribution  of  which  bears  no  rela- 
tion whatever  to  the  Milky  Way,  although  a  rich  group  of  such 
clusters  is  found  in  the  Milky  Way.  This  appears  to  be  an  accident, 
however,  since  they  do  not  seek  the  lines  of  greatest  luminosity. 
This  peculiar  distribution  of  the  globular  clusters  does  not  seem 
to  have  been  pointed  out  before.  Discovery  of  irregular  clusters 
has  been  practically  exhausted  by  small  telescopes,  since  powerful 
photographic  instruments  reveal  few  new  ones.  It  is  probable,  how- 
ever, that  the  number  of  known  globular  clusters  will  be  considerably 
increased  among  the  so-called  nebulous  stars. 

About  12,000  nebulae  are  now  known.  The  whole  number  in  the 
sky,  however,  is  several  times,  perhaps  many  times,  greater.  The 
white  nebulae  are  distributed  in  cloud-like  groups  over  the  sky, 
avoiding,  in  general,  the  Milky  Way.  The  gaseous  nebulae  occur 
probably  over  the  whole  sky,  perhaps  in  greater  numbers  in  the 
Milky  Way  where  the  most  striking  objects  of  this  class  are  found. 
The  gaseous  nebulae  are  probably  few  in  number  compared  with  the 
white  nebulae. 

The  majority  of  all  nebulae  are  spiral,  but  there  are  large  numbers 
of  nebulous  stars,  many  of  which  may  be  faint  globular  clusters. 
The  relation  between  spiral  nebulae  and  globular  clusters  may 
prove  to  be  more  intimate  than  is  now  apparent. 

THE  NEBULOUS  REGIONS  OF  THE  MILKY  WAY. 

BY   K.    E.    BARNARD. 

This  paper  deals  with  some  peculiarities  of  the  nebulosities  in  the 
Milky  Way.  Though  in  some  cases  there  seems  to  be  every  evidence 
that  the  stars  and  nebulosities  are  freely  mixed  together,  still  pecu- 
liarities of  distribution,  etc.,  show  that  with  few  exceptions  (such 
as  p  Ophiuchi)  the  nebulosity  does  not  indicate  any  tendency  to 
condense  about  the  stars.  This  is  especially  striking  in  the  case 
of  the  great  North  America  Nebula  (so  named  by  Dr.  Max  Wolf), 
where  to  all  appearances  the  stars  seem  to  exist  in  a  vast  bed  of 
nebulous  matter  with  no  condensation  about  them  individually.     In 
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this  particular  case  the  identity  of  the  details  of  the  nebula  and  the 
groupings  of  the  stars  seem  to  be  conclusive  proof  that  the  nebula 
and  the  stars,  apparently  in  it,  really  occupy  the  same  part  of  space. 
Even  in  the  case  of  that  remarkable  combination  of  nebulosity  and 
stars,  M  8,  the  stars  seem  freely  mixed  with  the  nebulosity,  but  in  no 
case  to  be  centers  of  condensation.  Contrary  to  this  condition,  the 
great  nebula  of  p  Ophiuchi  has  condensations  about  the  principal 
stars  in  that  region,  including  a  Scorpii. 

A  photograph  shows  the  singular  nebulosities  about  y  Cygni, 
where  a  profusion  of  curved  sheets  and  w-reaths  of  nebulous  matter 
cover  a  large  part  of  the  sky  about  the  star  and  extend  as  far  south 
as  X  Cygni.  A  photograph  of  the  nebula  about  v  Scorpii  seems  to 
show  quite  distinctly  an  obscuration  of  the  light  of  the  stars  in  that 
region.  Where  this  remarkable  object  veils  the  sky,  the  stars  seem 
to  have  decreased  in  magnitude.  It  gives  the  impression  that  the 
brighter  stars  in  this  region  are  dimmed  and  the  fainter  ones 
blotted  out,  as  if  produced  by  a  thin  obscuring  veil  of  nebulosity 
this  side  of  the  small  stars.  This  peculiarity  is  very  strikingly 
brought  out  by  the  photograph. 

In  Astronomische  NachricJttcn  No.  31  n,  Bd.  130,  the  writer  has 
given  an  account,  with  a  sketch,  of  a  group  of  small  nebulous  stars 

(i860  a  =  181. 2"  ±;  «  =  +  23°S2'±), 

which  lies  about  i)4°  following  M  8.  When  these  nebulous  stars 
were  examined  with  the  twelve-inch  telescope  of  the  Lick  Observa- 
tory in  1892,  no  connecting  nebulosity  could  be  seen.  It  was  noticed, 
however,  in  a  photograph  made  with  the  Willard  lens  that  a  nebulous 
wisp  ran  toward  the  group  from  M  8.  The  photographs  made  by  the 
writer  with  the  ten-inch  Bruce  telescope  of  the  Yerkes  Observatory 
at  Mount  Wilson  in  the  summer  of  1905  show  that  in  this  group 
the  nebulous  stars  are  simply  condensations  in  a  large  irregular 
mass  of  nebulosity  which  extends  to  and  connects  with  M  8. 

APEX  OF  THE  SOLAR  MOTION. 

BY    GKORGE    C.     COMSTOCK. 

It  is  well  known  that  different  astronomers  have  reached  dis- 
cordant results  in  seeking  to  determine  the  direction  of  the  sun's 
motion  through  space.  It  is  the  purpose  of  this  paper  to  present 
graphically  (lantern  projection)  these  several  results  classified  with 
respect  to  the  average  brightness  of  the  stars  employed  in  the  de- 
termination. When  thus  classified  all  determinations  indicate  a  solar 
motion  toward  the  north  edge  of  the  Milky  Way,  and  the  discord- 
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ances  in  galactic  latitude  are  not  great.  In  galactic  longitude,  how- 
ever, there  is  a  well-marked  dependence  of  the  position  of  the  apex 
upon  the  mean  magnitude  of  the  stars  with  reference  to  which  it  is 
determined.  The  stars  of  the  tenth  magnitude  place  this  apex  some 
40°  farther  east  than  do  stars  of  the  third  and  fourth  magnitudes, 
while  intermediate  magnitudes  furnish  intermediate  positions.  This 
variation  is  attributed  to  a  small  drift  of  the  nearer  stars  in  the 
plane  of  the  galaxy  and  toward  the  constellation  Cassiopeia.  This 
is  shared  by  most  of  the  sun's  stellar  neighbors  and  affects  the  bright 
stars  in  larger  measure  than  the  faint  ones  because  a  larger  percent- 
age of  the  bright  stars  are  included  in  this  drift. 


A   COMPARISON   STUDY   OF   BRIGHT   CLUSTERS   AND 

NEBUIvAE. 

BY    S.     I.     E.MI.EY. 


FIELD   EXPERIENCE   WITH   TRANSIT   MICROMETERS. 

BY  JOHN  F.  HAYFORD. 

SPECTROSCOPIC  OBSERVATIONS  OF  STARS. 

BY  EDWIN    B.   FROST. 

Nine  Spectroscopic  binaries  were  recently  discovered  with  the 
Bruce  spectrograph  of  the  Yerkes  Observatory,  viz.,  RZ  Cassiopeiae, 
X  Cygni,  13  Ceti,  w  Leonis,  85  Pegasi,  t^  Eridani,  t'  Eridani, 
T  Orionis,  ^^  Canis  Majoris. 

THE  CENTRAL  ECLIPSE  OF  APRIL  13,  1912. 

BY  DAVID  TODD  AND  R.    H.   BAKER. 

Although  the  land  totality  of  this  eclipse  will  be  visible  for  a 
few  seconds  only,  it  is  desirable  to  prepare  for  observations.  The 
central  line  extends  from  Oporto,  Portugal,  to  Oviedo,  Spain,  the 
line  of  subsequent  annularity  passing  close  to  Paris.  These  points 
are  given  by  a  definitive  calculation  of  the  track,  made  possible  by 
the  courtesy  of  Professor  W.  S.  Harshman,  U.  S.  Navy,  Director 
of  the  Nautical  Almanac,  who  forwarded  in  advance  the  necessary 
solar  and   lunar   data   which   will   be   embodied   in  the   American 
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Ephemeris  for  1912.  The  change  from  total  phase  to  annular  takes 
place  in  the  Bay  of  Biscay,  according  to  the  accepted  diameters  of 
the  sun  and  moon ;  and  it  will  be  well  to  repeat  the  computation  with 
slightly  varying  values.  The  application  of  photographic  apparatus, 
operated  automatically,  may  make  it  possible  to  obtain  a  useful  and 
permanent  record  of  this  brief  totality. 

RELATION  BETWEEN  STELLAR  SPECTRAL  TYPES  AND 

THE  INTENSITIES  OF  CERTAIN  LINES  IN 

THE  SPECTRA. 

BY  SEBASTIAN  ALERECHT. 

In  connection  with  the  measurement  of  spectrograms  obtained  at 
the  Mills  Observatory  in  Chile  by  Professor  Wright,  an  investigation 
of  the  individual  spectrum  lines  was  begun,  with  a  view  to  determin- 
ing whether  there  is  a  shift  of  any  lines  which  is  progressive  from 
spectral  type  to  type.  Several  lines  were  found  to  undergo  such 
a  progressive  change,  as  is  indicated  by  the  radial  velocities  obtained 
from  them.  An  examination  of  Rowland's  tables  shows  that  in  most 
cases,  lines  apparently  single  are  in  reality  blends  of  two  or  more 
close  components.  The  nature  of  the  variations  is  such  as  to  indicate 
varying  intensities  of  the  same  components  rather  than  the  presence 
or  absence  of  different  components  in  the  different  types.  The 
investigation  was  limited  to  types  F  to  Mb  inclusive  on  the  Harvard 
classification.    In  this  classification  the  sun  is  of  type  G. 

A  comparison  with  Adams's  list  of  sun-spot  lines  gives  strong 
indications  that  the  physical  conditions  in  the  stars  as  we  pass  from 
F  to  the  Mb  type  vary  in  the  same  direction  as  from  the  sun  to  the 
sun-spots. 

It  was  thought  possible  that  for  variable  stars  of  large  light 
changes,  traces  of  velocity  variations  for  some  of  the  lines  might  be 
found,  corresponding  to  small  changes  in  spectral  type  as  the  stars 
varied  from  maxima  to  minima,  and  z'ice  versa.  In  the  case  of 
o  Ceti  actual  changes  in  the  character  of  the  spectrum  are  well 
established,  though  up  to  the  present  no  appreciable  changes  in  the 
wave  lengths  of  any  of  its  spectrum  lines  have  been  observed,  leav- 
ing out  of  account  the  large  displacements  of  the  bright  hydrogen 
lines.  A  comparison  of  the  measures  of  7;  Aquilae,  a  variable  star 
of  the  fourth  class  with  a  range  of  only  0.8  of  a  magnitude  in  light 
variations,  showed  evidences  of  variations  in  the  positions  of  some 
lines  from  light  maximum  to  minimum  similar  to  the  variations  that 
were  found  from  type  to  type.    A  further  study  of  this  variable  star 
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is  desirable  to  establish  definitely  the  exact  character  and  amount 
of  these  variations. 

These  variations  in  the  wave  lengths  of  some  of  the  lines  depend- 
ing on  spectral  type,  will  make  necessary  the  exercise  of  great  care 
in  the  selection  of  lines  in  radial  velocity  determinations,  and  a 
proper  allowance  for  the  type. 


A  DEVICE  FOR  ELIMINATING  GUIDING  ERROR  FROM 

PHOTOGRAPHIC  DETERMINATIONS  OF 

STELLAR  PARALLAX. 

BY    FRANK    SCHI.ESINGER. 

Experience  has  shown  that  a  fruitful  source  of  error  in  photo- 
graphic work  is  what  has  been  aptly  termed  the  "guiding  error." 
This  arises  from  the  fact  that  when  the  guiding  is  imperfect,  the 
image  of  each  star  wanders  from  its  mean  position  and  these  excur- 
sions are  registered  upon  the  photographic  film  to  a  different  extent 
for  stars  of  different  brightness.  This  error  is  particularly  trouble- 
some in  parallax  work  where  the  star  under  examination  is  usually 
much  brighter  than  the  comparison  stars.  After  considerable  ex- 
perimenting the  writer  adopted  the  following  simple  device  that 
seems  to  overcome  the  difficulty  in  a  very  satisfactory  way.  A  ro- 
tating disk  was  mounted  a  little  below  the  center  of  the  photographic 
plate  and  about  ten  millimeters  in  front  of  it ;  that  is,  on  the  side 
toward  the  objective.  The  disk  was  made  in  two  halves  moving 
on  the  same  axis,  so  that  the  opening  left  between  their  edges  could 
be  adjusted  to  any  desired  angle.  The  image  of  the  bright  star  hav- 
ing been  brought  to  the  center  of  the  plate  and  the  disk  set  in  mo- 
tion, a  part  of  the  star's  light  will  be  occulted  in  each  rotation  of  the 
disk.  The  amount  of  light  that  reaches  the  plate  depends  only  upon 
the  angular  opening  between  the  two  halves  of  the  slit  and  neither 
upon  the  rate  at  which  they  are  revolving  nor  the  distance  of  the 
image  from  the  center  of  rotation.  The  images  obtained  in  this  way 
were  free  from  any  trace  of  diffraction  caused  by  the  edges  of  the 
disk-opening  and  were  otherwise  indistinguishable  from  images  of 
fainter  stars  taken  without  the  occulter.  In  parallax  work  the  open- 
ing of  the  disk  should  be  so  adjusted  that  the  apparent  magnitude 
of  the  star  under  examination  is  about  equal  to  the  mean  of  the  mag- 
nitudes of  the  comparison  stars.  The  effect  of  guiding  error  will, 
therefore,  almost  entirely  disappear.  Actual  measures  upon  plates 
taken  with  this  device  fullv  confirm  this  last  statement. 
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PHOTOGRAPHIC  OBSERVATIONS  OF  GIACOBINI'S 

COMET. 

BY  E.  E.  BARNARD. 

These  photographs  show  the  ahnost  sudden  development  of  the 
tail  between  December  25  and  29,  1905,  from  a  scant  trace  to  a 
splendidly  developed  tail.  A  comparison  with  a  photograph,  made 
by  Mr.  Duncan  at  the  Lowell  Observatory  on  December  26,  limited 
the  time  of  development  to  less  than  three  days.  The  tail  under- 
went remarkable  changes  from  day  to  day,  but  through  interference 
from  cloudy  weather  it  was  not  possible  with  the  one  set  of  photo- 
graphs to  distinguish  identical  features  on  different  dates,  even 
though  they  existed,  to  determine  the  velocity  of  the  tail  producing 
particles. 

ON  THE  DISTORTIONS  OF  PHOTOGRAPHIC  FILMS. 

BY  FRANK  SCHLESINGER. 

The  question  as  to  the  amount  of  distortion  that  a  photographic 
film  suffers  during  development  is  not  yet  settled.  The  method  em- 
ployed in  the  present  paper  is  free  from  some  assumptions  that  have 
hitherto  been  made  and  gives  the  average  amount  of  the  distortions 
independent  of  other  sources  of  error.  A  plate  was  exposed  to  the 
sky  and  developed  and  dried  in  the  usual  way.  It  was  then  measured 
independently  by  two  observers.  Let  us  call  these  measurements  A' 
and  B'.  The  plate  was  soaked  in  water  and  then  dried.  It  was  now 
inserted  in  the  measuring  engine  in,  as  nearly  as  possible,  (within 
o.or  mm.),  the  same  position  it  had  occupied  and  measured  a  second 
time  by  each  observer.  Instrumental  errors  were  thus  eliminated. 
Call  these  second  measures  A"  and  B".  Then  if  c  represents  the 
viean  value  of  the  distortion  (in  a  sense  analogous  to  mean  error) 
and  if  e^  and  e..  are  the  mean  errors  of  bisection  for  the  two  ob- 
servers, then  by  appropriate  subtractions  we  obtain 

[{A'-A"y\  =  W\~.2W], 
[{B'-B"y-]  =  W]-2{e^]. 

If  we  subtract  each  of  the  differences  {B'  —  B")  from  the  corres- 
ponding {A'  —  A")  the  result  is  free  from  the  effect  of  distortion 
and  we  have 

[{{A' -A")  -  {B'-B")y]=2[en-2  W]. 

These  three  equations  enable  us  to  evaluate  e  as  well  as  c^  and  c„. 
Three  plates,  each  with  about  sixty  star  images,  were  treated  in  this 
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way  and  gave  ±  .0008  mm.,  ±  .0006  mm.,  and  ±;  .0003  mm.,  re- 
spectively, for  the  mean  value  of  the  distortion  of  the  film.  The  ex- 
periment was  varied  and  improved  by  spattering  an  undeveloped 
film  with  ink  and  measuring  the  small  and  perfectly  round  dots  that 
were  thus  obtained,  before  and  after  the  plate  had  been  cleared  in 
hypo,  and  thoroughly  washed  and  dried.  Five  plates  treated  in  this 
way  gave,  respectively,  dz  .0006  mm.,  rb  .0006  mm.,  ±:  .0014  mm., 
rt  .0015  mm.,  and  ±  .0015  mm.  These  experiments  indicate  that 
the  distortions  of  the  films  are  considerably  less  than  inevitable  errors 
like  those  of  bisection,  guiding  errors,  etc.  If  this  conclusion  should 
be  confirmed  by  other  observers  it  must  have  an  important  bearing 
on  methods  for  measuring  and  reducing  plates,  since  it  would  fol- 
low that  elaborate  precautions,  such  as  have  sometimes  been  em- 
ployed for  guarding  against  these  distortions,  are  unnecessary. 

DISTORTIONS  OF  PHOTOGRAPHIC  FILMS  ON  GLASS. 

BY  SEBASTIAN  AI,BRECHT. 

In  the  winter  of  1904  an  investigation  of  the  distortions  of  photo- 
graphic films  on  glass  plates  was  undertaken  by  the  writer  at  the  sug- 
gestion of  Director  Campbell  and  Dr.  Perrine.  A  preliminary  inves- 
tigation showed  that  if  ordinary  good  care  is  taken  in  the  treatment 
of  the  plate  during  development,  fixing,  hardening,  washing  and  dry- 
ing, there  will  be  no  general  distortions,  i.  e.,  no  distortions  extend- 
ing over  a  large  area  of  the  film.  Accordingly,  the  work  was  con- 
tinued by  a  method  which  would  more  readily  determine  the  char- 
acter of  local  distortipns.  Photographs  of  spectra  with  numerous 
lines  of  different  widths  are  very  well  suited  for  this  purpose.  These 
spectrograms  showed  that  there  were  local  distortions.  These  dis- 
tortions were  confined  in  each  case  to  one  or  a  few  adjacent  spec- 
trum lines,  and  very  rarely  covered  an  area  as  much  as  0.25  mm. 
square.  The  displacements  of  individual  points  in  the  distorted  area 
occasionally  amounted  to  0.02  mm.,  which  on  the  Crossley  star  pho- 
tographs is  equivalent  to  about  one  second  of  arc,  and  on  the  spectro- 
grams taken  with  the  one-prism  spectrograph  of  the  Lick  Observa- 
tory to  a  radial  velocity  of  about  eighty  kilometers  per  second  for 
the  Hy  region.  Such  large  displacements  as  these  are,  however,  ex- 
tremely rare. 

The  distortions  seemed  to  be  of  two  different  kinds:  one  caused 
by  an  actual  movement  of  portions  of  the  film,  and  the  other  by  a 
displacement  of  the  image  apparently  due  to  local  differences  in  the 
sensitiveness  of  the  film.     Some  of  the  characteristic  shapes  of  the 
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distorted  lines  due  to  the  first  cause  were :  a  sine  curve,  a  question 
mark,  an  irregular  crinkle,  an  abrupt  bend,  a  gradual  bend  which 
was  sometimes  shared  by  two  and  occasionally  by  three  lines,  while 
the  lines  immediately  on  either  side  of  the  distorted  ones  were  per- 
fectly straight. 

The  structure  and  chemical  composition  of  the  film  are  materially 
altered  in  the  process  of  development  and  fixing,  so  that  the  strains 
produced  in  the  subsequent  drying  need  not  be  exactly  the  same  ev- 
erywhere in  the  film  as  they  were  before  development.  In  fact,  slight 
local  readjustments  might  be  expected,  and  it  is  remarkable  that  the 
resulting  movements  in  the  film  should  be  so  few  in  number,  and  be 
confined  to  such  minute  areas. 


A  RIEFLER  CLOCK  AND  A  SELF-REGISTERING  RIGHT 
ASCENSION  MICROMETER. 

BY  W.   S.  EICHELBERGER. 

In  September,  1903,  there  was  installed  at  the  U.  S.  Naval  Obser- 
vatory one  of  Riefler's  sideral  clocks,  No.  70,  with  nickel-steel  pen- 
dulum and  mounted  in  an  air-tight  glass  case.  At  the  same  time  the 
following  scheme  of  observing  was  undertaken  with  the  nine-inch 
transit  circle ;  one  astronomer  would  observe  fundamental  and  mis- 
cellaneous stars  for  about  two  hours  before  sunrise,  would  observe 
the  day  planets  and  the  sun,  and  would  finish  his  tour  of  duty  with 
another  two  hours'  star  observing. just  after  sunset;  a  second  obser- 
ver would  then  commence  and  do  star  work  for  about  six  hours ;  and 
then  a  third  man  would  observe  a  list  of  stars  for  about  two  hours 
before  sunrise.  Thus  there  were  frequently  three  clock  corrections 
determined  during  the  same  night  by  three  different  observers.  Each 
night  from  September,  1903,  to  August,  1904,  on  which  two  or  three 
men  observed,  has  been  utilized  for  determinating  the  relative  per- 
sonal equations  of  the  various  observers.  This  interval  was  divided 
men  observed,  has  been  utilized  for  determining  the  relative  per- 
sonal equation  was  obtained  for  each  of  these  shorter  intervals  with 
the  following  results: 


1903 

E-L 

E-R 

E-B 

E-M 

Sept.    5   to    Oct.      5 
Oct.   12   to    Nov.  13 

1904 
Jan.  30   to    Mar.  29 
Apr.     3   to    May   13 
Mav  24   to    Aug.  15 

-(-0'.2I0 

+  0  .195 

-1-0' .051 
-1-  0  .048 

-1-0  .056 
-+-0  .052 

-f-o'.i88 

-1-0  .139 
-t-o  .119 
-1-  0  .112 

+  0'.062 

+  0  .055 
-f  0  .010 

Weighted   Mean 

+  0   .205 

-f  0  .052 

-1-0  .133 

-f  0  .047 
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The  average  probable  error  of  one  of  these  individual  determina- 
tions is  0^.009. 

All  the  men  except  M  had  observed  with  a  transit  circle  some 
years  before  the  observations  here  discussed  were  begun,  yet  with 
one  pair  of  experienced  observers  there  is  quite  a  decided  change  in 
the  relative  personal  equation  within  a  few  months. 

For  the  same  periods  and  the  same  pairs  of  observers  the  following 
differences  between  the  largest  and  the  smallest  value  for  a  single 
night  were  obtained : 


1903 

E-L 

E-R 

E-B 

E-M 

Sept.  5  to  Oct.   5 
Oct.  12  to  Nov.  13 

1904 
Jan.  30  to  Mar.  29 
Apr.  3  to  May  13 
May  24  to  Aug.  15 

0'  .072 
0  .083 

o'.o53 
0  .050 

0  .067 
0  .090 

0^.069 

0  .128 
0  .094 
0  .140 

o'.i37 
0  .040 
0  .075 

The  general  mean  of  all  these  numbers  is  0^.085. 

In  attempting  to  adopt  a  mean  clock  correction  for  the  entire  night 
and  to  test  the  irregularity  of  running  of  the  clock  from  day  to  day, 
this  number  is  certainly  large  enough  to  be  annoying.  If  it  is  due  to 
irregularities  in  the  running  of  the  clock  during  the  night,  a  new 
clock  is  needed.  If  it  is  inherent  in  the  old  key  method  of  observing 
transits,  something  should  be  done  to  improve  the  method. 

To  test  the  clock  for  periodic  daily  irregularity  another  Riefler 
clock,  No.  82,  was  compared  with  it  every  morning  and  afternoon 
and  frequently  twice  during  the  night  from  January  19  to  February 
2,  igo6,  and  a  second  time  from  February  23  to  March  9.  Between 
these  two  periods  Riefler  No.  70  was  dismounted,  cleaned  and  set 
up  again.  The  probabilty  that  any  periodic  irregularity  that  might 
exist  in  these  two  clocks  would  be  in  the  same  phase  in  both  series 
of  comparisons  is  not  very  large. 

The  relative  daily  rate  of  the  two  clocks  was  in  the  first  period 

o'.i426  +  0^.00052  t 
and  in  the  second 

0'.0298  +  O'.00032   t. 

The  residuals  arising  from  the  comparison  of  the  observed  and 
computed  differences  between  the  two  clocks  were  then  grouped  with 
respect  to  the  tenth  of  the  day  at  which  the  clock  comparison  was 
made  with  the  following  results : 
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January 

ig  TO  February  2,   1906 

Decimal  of 

a  Day 

No. 

of  Comp. 

Jlean  Residnal 

.0 

_ 

_ 

.1 
.2 

13 
2 

+0S.004  1 
+0   .008  f 

+o»  .005 

■3 

I 

--0   .011 

.4 

7 

0   .000  1 

— 0  .001 

•  5 

2 

—0  .014  '' 

.6 

5 

+0   .001  J 

.7 

.^ 

+0   .008  [ 
—0   .006  ) 

.8 

I 

—    .005 

•9 

II 

February  23  to  March  9 


Decimal  of  a 

Day 

No.   of   Comp. 

Mean  Residual 

.0 

_ 

__ 

.1 

15 

OS .000 

OS .000 

•3 
.4 
.5 
.6 

6 

7 

4 

+0  .002"! 

0  .000 

> 

— 0  .006  J 

0  ,000 

■  9 

14 

0  .000 

0  .000 

Of  the  88  separate  residuals  three-quarters  are  less  than  o^oI 
each,  a  quantity  that  I  had  supposed  less  than  the  uncertainty  with 
which  a  clock  comparison  was  read  from  the  chronograph  sheet. 

At  the  end  of  October,  1906,  the  six-inch  transit  circle  was  equip- 
ped with  a  self-registering  right  ascension  micrometer  of  the  Rep- 
sold  type  made  by  Warner  and  Swasey. 

Previous  to  beginning  the  following  series  of  observations,  one  of 
the  observers  had  practiced  with  the  new  micrometer  on  two  nights 
and  the  other  two  on  one  night  each.  Two  men  worked  on  each  of 
the  eight  nights,  each  observing  ten  time  stars.  Each  man  on  half 
of  the  nights  that  he  worked  observed  the  first  list  of  ten  stars,  and 
on  the  remaining  nights  the  second  list.  The  same  twenty  stars  were 
used  throughout  the  entire  series. 

A  least-square  solution  gives  for  the  relative  personal  equation 

B  —  F  =  -\-  o'.ooi  ±  o'.oi2 
and 

E  —  L  =  —  o'.ooi  ±  o'.ois. 

The  relative  personal  equation  E  —  L  by  the  key  method  of  ob- 
serving was  -{-  o'.20. 
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The  clock  rates  during  these  six  weeks  were  also  computed  by 
least  squares,  first  giving  a  weight  unity  to  each  rate  and,  second, 
a  weight  equal  to  the  interval  between  the  observations  from  which 
it  was  determined. 

The  resulting  rates  are 


and 


—  o'.0436  +  o'.00O924(r  —  Nov.  25.0) 

—  o'.044S  +  o'.ooo997(r  —  Nov.  25.0), 


giving  as  residuals : 


O  —  C 

Weight 

O-C 

Weight 

— O.OII 

+0.015 
+0.010 
—0.023 
+0.011 

— O.OOI 

— 0.003 

— 0 . 009 
+0.017 
+0.012 
— 0.022 
+0.012 
0.000 
— 0 . 002 

8 

5 
I 
2 
4 
13 
7 

±0.011 

±0.007 

A  similar  discussion  of  rates  obtained  by  the  key  method  of  ob- 
serving transits  gave  for  thirteen  weeks  in  the  spring  of  1904  a  mean 
residual  of  0^.015. 

We  thus  see  that  by  the  use  of  the  self-registering  right  ascension 
micrometer  in  this  series  of  observations  the  mean  residual  of  the 
daily  clock  corrections  is  decreased  from  twenty-five  to  fifty  per  cent, 
and  relative  personal  equation  has  disappeared. 

A  NEW  FORM  OF  MERIDIAN  MARK. 

BY  G.  W.  HOUGH. 

Two  years  ago  I  established  a  meridian  mark  in  order  to  study 
the  change  of  azimuth  for  the  63-^-inch  Repsold  meridian  circle. 
Collimator  marks,  according  to  published  statistics,  as  well  as  from 
theory,  do  not  seem  to  be  sufficiently  stable  for  the  study  of  azi- 
muth changes  unless  supplemented  by  frequent  observations  of  cir- 
cumpolar  stars.  The  method  I  have  employed  for  bringing  a  mark 
in  focus  is  simple,  direct  and  vastly  preferable  to  the  use  of  a  long 
focus  lens ;  since  the  marks  may  be  located  at  such  distance  that  any 
probable  change  in  the  place  of  the  pin  will  not  sensibly  change  the 
direction. 
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In  photographic  work,  when  it  is  desired  to  bring  objects  l3'ing  in 
different  planes  to  a  common  focus,  the  aperture  of  the  lens  is  re- 
duced. Accordingly,  I  made  some  experiments  and  found  when  the 
aperture  of  the  object  glass  of  the  Repsold  meridian  circle,  of  6-foot 
focus,  was  reduced  to  one  inch,  all  objects  at  about  one  thousand 
feet  and  beyond  were  brought  in  good  focus. 

A  concrete  pier  two  feet  square  and  rising  two  and  one-half  feet 
above  the  surface  of  the  ground  was  erected  at  a  distance  of  eleven 
hundred  and  forty  feet.  On  the  top  of  the  pier  was  bolted  a  cast 
iron  box,  fifteen  inches  wide,  ten  inches  high,  and  ten  inches  deep. 
Inside  the  box  is  an  adjustable  brass  plate  with  a  hole  0.15  of  an  inch 
in  diameter,  behind  which  is  placed  a  50-volt  sixteen-candle  power 
lamp.  Electricity  is  supplied  from  a  storage  battery,  at  the  Obser- 
vatory, which  had  been  installed  for  rotating  the  dome  and  illumin- 
ating the  instruments.  During  daylight,  when  the  sun  is  not  shining, 
the  mark  appears  like  a  sixth  magnitude  star;  at  night  brighter. 

In  order  that  an  object  at  a  finite  distance  may  suft"er  no  change 
in  direction,  the  hole  in  the  cap  which  covers  the  object  glass  must 
be  in  the  optical  axis.  Any  deviation  will  cause  a  displacement  pro- 
portional to  the  focal  length  of  the  telescope  divided  by  the  distance 
of  the  object.  At  one  thousand  feet  one  inch  subtends  an  angle  of 
17".!.  Hence  very  great  precision  in  the  fit  of  the  brass  cap  is  un- 
necessary. In  order  to  know  whether  the  hole  in  the  cap  is  in  the 
optical  axis,  the  cap  may  be  revolved  one  hundred  and  eighty  de- 
grees, or  the  mark  may  be  observed  with  the  full  aperture  of  the 
object  glass.  In  the  latter  case  there  is  seen  a  well-defined  disk  of 
light  about  90"  in  diameter. 

In  1861  and  for  a  number  of  years  following,  at  the  Dudley  Ob- 
servatory, I  had  a  mark  at  a  distance  of  six  miles.  After  a  rain 
the  mark  could  be  observed  with  great  precision.  The  unsteadiness 
of  a  terrestrial  mark  does  not  depend  directly  on  the  distance. 


THE  SIGNIFICANCE  OF  THE  STAR  RATIO. 

BY  GEORGE  C.  COMSTOCK. 

The  number  of  visible  stars  increases  very  rapidly  as  we  extend 
the  count  to  fainter  and  fainter  magnitudes,  and  any  rational  attempt 
at  their  enumeration  must  involve  a  limit,  or  limits,  of  brightness 
at  which  that  enumeration  shall  cease.  The  rate  of  increase  in  the 
number  of  stars  as  tliis  limit  is  made  to  move  down  the  scale  of 
magnitudes  is  called  the  star  ratio,  and  the  numerical  value  of  this 
ratio  in  different  parts  of  the  sky  and  at  different  points  of  the  scale 
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of  stellar  magnitudes  has  been  made  the  subject  of  research  by  many 
astronomers.  From  these  investigations  it  appears  that  in  general 
the  number  of  stars  is  increased  more  than  threefold  and  consider- 
ably less  than  fourfold  for  each  increase  of  one  magnitude  in  the 
limit  to  which  the  enumeration  is  extended.  The  ratio  appears  to  be 
a  little  greater  in  the  Milky  Way  than  in  the  extra-galactic  regions 
and  possibly  a  little  greater  for  the  brighter  magnitudes  than  for  the 
fainter  ones,  although  it  seems  probable  that  the  last  relation  is  con- 
fined to  the  region  outside  the  Galaxy. 

The  point  of  major  interest  in  the  discussion  is,  however,  that  in 
general  the  rate  of  increase  is  decidedly  less  than  fourfold,  while  a 
very  simple  analysis  shows  that  if  the  stars  are  strewn  with  some 
rough  uniformity  of  distribution  throughout  a  region  of  indefinite 
extent,  the  average  star  ratio  should  be  very  approximately  a  four- 
fold increase  per  magnitude.  The  disparity  between  this  theoretical 
ratio  and  that  found  actually  to  obtain,  throws  discredit  upon  the 
hypothesis  above  made  with  respect  to  the  distribution  of  the  stars, 
and  there  has  been  reared  upon  it  the  current  concept  which  repre- 
sents the  stellar  system  as  of  finite  and  measurable  extent,  broader 
in  the  Galaxy  because  here  the  star  ratio  is  relatively  large,  smaller 
at  right  angles  to  the  Milky  Way  because  here  the  star  ratio  dimin- 
ishes. The  idea  is  that  the  faint  stars  are  faint  because  of  their 
greater  distance  and  are  more  numerous  because  of  the  volume  of 
space  in  which  they  may  be  distributed  increases  with  the  cube  of 
the  distance.  But  if  the  stellar  system  reaches  out  only  to  a  certain 
limit  and  the  space  beyond  is  void,  it  can  contribute  nothing  to  the 
number  of  stars  and  the  star  ratio,  while  everywhere  below  the  value 
that  would  obtain  for  an  infinite  system  ought  to  diminish  very  rap- 
idly as  we  approach  the  confines  and  deal  with  stars  fainter  than  any 
that  have  been  hitherto  enumerated,  although  Professor  Pickering 
holds  that  even,  within  the  range  of  magnitudes  covered  by  his  in- 
vestigations, such  a  diminution  in  the  value  of  the  ratio  is  distinctly 
shown. 

The  present  paper  controverts  the  views  above  outlined,  and 
shows  that  the  supposed  fourfold  ratio  that  constitutes  their  theo- 
retical basis  has  been  erroneously  derived  through  ignoring  an  essen- 
tial factor  of  the  problem.  The  faint  stars  appear  faint  not  only  be- 
cause of  their  greater  distance,  but  because  they  actually  emit  less 
light  than  do  the  brighter  ones,  and  because  of  this  inferior  lumin- 
osity they  are  nearer  than  has  been  assumed.  This  diminished  dis- 
tance is  shown  by  observation  of  their  proper  motions  and  because 
of  it  we  have  a  diminished  space  available  for  the  faint  stars,  they 
are  less  numerous  and  the  star  ratio  smaller  than  is  required  by  the 
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erroneous  theory  above  considered.  When  the  diminishing  intrinsic 
brightness  of  the  fainter  stars  is  properly  taken  into  account  the 
author  finds  from  a  discussion  of  the  star  ratio  for  galactic  stars 
down  to  the  faintest  yet  enumerated  (the  Herschel  gauges),  that 
there  is  here  no  indication  of  a  limit  to  the  stellar  system. 

Outside  the  Galaxy  the  conditions  are  difterent,  the  values  of  the 
star  ratio  are  progressively  smaller  and  suggest  some  one  of  the  fol- 
lowing alternative  conditions  or  possibly  a  combination  of  them : 

(a)  At  right  angles  to  the  Galaxy  the  limits  of  the  stellar  system 
fall  within  the  range  of  vision,  as  indicated  above. 

(b)  The  stars  remote  from  the  plane  of  the  Galaxy  are  on  the 
average  progressively  less  luminous  than  those  in  the  Galaxy. 

(c)  The  transmission  of  light  through  the  extra-galactic  spaces 
is  impeded  by  some  absorbing  medium  which  serves  to  diminish  the 
brilliancy  of  the  stars  in  larger  measure  than  is  the  case  in  the 
Galaxy. 

Any  of  these  alternatives  will  serve  in  explanation  of  the  observed 
facts  and  it  is  not  now  feasible  to  make  definite  choice  among  them. 


PRELIMINARY  WAVE-LENGTHS  FROM  FLASH  SPECTRA 
TAKEN  IN  SPAIN,  1905. 

BY  S.  A.  MITCHELL. 

The  flash  spectra  were  photographed  by  means  of  a  Rowland  four- 
inch  grating  ruled  on  a  parabolic  surface.  The  grating  was  used 
without  a  slit,  so  that  the  spectrograph  consisted  merely  of  grating 
and  photographic  plate.  The  spectra,  which  show  wonderfully  fine 
definition,  extend  from  the  D  lines  to  A  3300  in  the  violet,  a  distance 
of  9.5  inches. 

Measurements  are  now  being  made  on  the  three  or  four  thousand 
lines  of  the  flash  spectra.  These  photographs  show  a  dispersion 
about  the  same  as  the  Bruce  three-prism  spectrograph  of  the  Yerkes 
Observatory  and  the  Mills  spectrograph  of  the  Lick  Observatory, 
or  a  dispersion  one-fifth  that  of  a  twenty-one-foot  grating  of  ordi- 
nary Rowland  mounting  in  the  first  order  spectrum,  or  one-tenth  of 
the  second  order.  The  eclipse  spectra  are  practically  normal.  Wave 
lengths  thus  far  deduced  show  a  probable  error  less  than  five-hun- 
dredths  of  an  Angstrom  unit. 
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COMPARISON  OF  RESULTS  OF  OBSERVATIONS  WITH 
THE  REFLEX  ZENITH  TUBE  AND  ZENITH  TEL- 
ESCOPE AT  THE  FLOWER  OBSERVATORY 
DURING  1905  AND  1906. 

BY  C.   L.   DOOLITTLE. 

THE  TEMPERATURE  OF  MARS. 

V,Y  PERCIVAL  LOWELL. 

ON  THE  ABSENCE  OF  LONG  HEAT  WAVES  IN  THE 
SUN'S  SPECTRUM. 

BY  E.  F.   NICHOLS. 

FORMULAS  FOR  THE  COMPARISON  OF  ASTRONOMI- 
CAL PHOTOGRAPHS. 

BY  H.\ROLD  JACOBY. 


This  paper  contains  formulas  suitable  for  the  direct  comparison 
of  rectangular  coordinates  measured  on  different  astronomical  neg- 
atives. The  problem  here  involved  supplements  what  may  be  called 
the  fundamental  transformations  in  the  reduction  of  celestial  photo- 
graphs ;  viz.,  the  calculation  of  right  ascensions  and  declinations  from 
rectangular  coordinates,  and  rectangular  coordinates  from  right  as- 
censions and  declinations. 


LIGHT  CURVES  OF  NEW  VARIABLE  STARS  OF  THE  AL- 
GOL TYPE,  AND  OF  SHORT  PERIOD. 

BY  HENRIETTA   S.   LEAVITT. 

In  a  recent  circular  of  the  Harvard  Observatory  thirty-six  variable 
stars  were  announced,  mostly  brighter  than  9.5  at  maximum.  All 
are  within  fifteen  degrees  of  R.  A.  I2^  Dec.  —  60°,  the  region  in- 
cluding both  the  Southern  Cross  and  the  Nebula  in  Carina.  About 
sixty  new  variables  in  this  area,  mostly  fainter  than  the  tenth  magni- 
tude at  maximum,  had  been  announced  in  previous  circulars.  A 
large  proportion  of  the  new  objects  appear  to  have  short  periods, 
and  several  are  of  the  Algol  type.     These  are  now  being  studied 
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with  a  view  to  determining  their  periods  and  light  curves.  The  per- 
iods of  four  have  already  been  announced,  those  of  three  others  are 
now  made  pubhc  for  the  first  time.  All  but  one  of  the  seven  varia- 
bles are  of  the  Algol  type.  The  periods  vary  from  nine-tenths  of  a 
day,  to  five  and  one-third  days,  while  the  smallest  and  the  largest 
ranges  observed  are  four-tenths  of  a  magnitude,  and  two  and  one- 
half  magnitudes  respectively. 

The  variable  C.P.D. — 5o°38o9  is  of  special  interest,  as  the  period 
is  equally  divided  by  a  secondary  minimum.  The  principal  mini- 
mum is  nine-tenths  of  a  magnitude  fainter  than  the  normal  bright- 
ness, 9.3,  while  the  secondary  minimum  is  four-tenths  of  a  magni- 
tude fainter  than  the  normal.  The  average  deviation  from  the  light 
curve  of  a  single  observation  is  very  large,  being  no  less  than  ±  o.  14 
magnitude,  while  the  average  deviation  for  all  other  Algol  varia- 
bles here  described,  is  only  ±0.07  magnitude.  This  large  devia- 
tion does  not  appear  to  be  due  to  accidental  errors  of  observation, 
though  the  variable  was  difficult  to  measure  on  many  of  the  plates. 
It  has  not  been  found  possible  to  improve  the  period  on  the  supposi- 
tion that  it  is  constant,  and  it  is  probably  to  be  corrected  by  a  third 
term,  not  yet  determined. 

C.P.D. — 49°6972  has  a  large  range.  The  faintest  magnitude  ob- 
served is  1 1.5,  which  is  two  and  a  half  magnitudes  fainter  than  the 
normal  brightness  ;  but  no  observations  at  minimum  have  as  yet  been 
secured,  and  the  form  of  the  light  curve  at  that  point  is  not  deter- 
mined. 

C.P.D. — 63°2483  was  at  first  supposed  to  be  of  the  Algol  type, 
but  has  been  found  instead  to  be  a  short  period  variable  of  unusual 
interest.  As  has  already  been  announced  in  a  recent  circular,  the 
light  curve  resembles  that  of  an  Algol  variable  with  a  minimum 
covering  about  half  the  period,  but  the  light  appears  to  be  changing 
continuously,  though  very  slightly,  even  when  near  the  maximum. 
As  the  range  is  only  four-tenths  of  a  magnitude,  four  independent 
observations  were  made  on  each  plate.  By  taking  means,  the  acci- 
dental errors  were  reduced  one-half.  The  mean  magnitudes  were 
then  arranged  in  the  order  of  phase,  and  the  mean  phase  and  mag- 
nitude was  taken  for  each  successive  group  of  five  plates.  The  aver- 
age deviation  from  the  light  curve  of  the  points  thus  obtained  is 
only  ±  0.02  magnitude,  and  may  be  compared  with  the  deviations 
found  with  the  best  photometric  measures. 

The  large  proportion  of  Algol  variables  among  those  discovered 
in  this  region  is  interesting.  Of  the  thirty-six  variables  announced 
last  month,  four  have  already  been  shown  to  be  of  the  Algol  type, 
and  others,  of  which  the  observations  have  not  yet  been  discussed, 
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are  supposed  to  belong  to  the  same  class.  On  the  other  hand,  of  the 
more  than  seventy  variables  in  Scorpius  and  Ophiuchus,  announced 
two  years  ago,  few,  if  any,  appear  to  vary  in  this  manner.  The 
same  is  true  of  the  Magellanic  Clouds.  The  present  study  of  the 
distribution  of  the  variable  stars  is  in  a  very  early  stage  and  much 
generalization  from  the  results  as  yet  obtained  is  rash.  Yet  it  has 
already  become  evident  that  certain  kinds  of  variables  are  apt  to  be 
found  in  groups.  It  is  desirable  that  the  number  of  persons  engaged 
in  this  research  should  be  increased,  so  that  the  systematic  survey 
of  the  heavens  may  be  completed  with  a  reasonable  degree  of  thor- 
oughness during  the  next  few  years.  Evidently  it  is  of  the  highest 
importance  to  ascertain  the  types  to  which  new  variables  belong, 
even  if  their  number  is  too  large  to  permit  of  the  computation  of  all 
the  periods. 

A  PECULIAR  BINARY  SYSTEM. 

BY  ERIC  DOOLITTLE. 


LATITUDE  TERMS  OF  LONG  PERIOD,  FROM  THE  FLOW- 
ER OBSERVATIONS. 

BY  C.   L.  DOOLITTLE. 

This  series  embraces  a  period  of  seven  years  and  nearly  two 
months,  and  is  practically  homogeneous  in  all  respects.  As  a  term 
having  a  period  of  about  six  years  has  been  supposed  to  be  indicated 
by  similar  series  elsewhere,  it  seems  desirable  to  examine  my  results 
for  evidence  on  this  point. 

Without  making  any  assumption  as  to  the  law  of  latitude  varia- 
tion, the  intervals  from  minimum  to  minimum  were  found  graphi- 
cally. The  maxima  were  not  employed  for  this  purpose,  as  they 
were  less  clearly  indicated.    Six  periods  were  found  as  follows: 

1st  459  days 

2nd  410 

3rd  470 

4th  439 

5th  446 

6th  416 

Mean    440  days 

6  Julian  years  =  2191.5  days 
5  periods  =  2200     days 
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The  difference  of  8.5  days  is  of  no  importance  for  present  pur- 
poses. 

This  close  agreement  seems  to  fall  in  line  with  the  possible  exist- 
ence of  a  term  having  a  period  of  about  six  years. 

The  method  of  procedure  was  as  follows :  For  each  interval  from 
minimum  to  minimum,  terms  of  the  form  x  sin  6  -|-  3)  cos  d  were 
removed  from  the  given  values  of  the  latitude.  A  series  of  103 
equations  was  then  obtained  of  the  following  form : 

A  -|-  ax  -\-y  smO  -\-  z  cos  6  -\-  u  sin  26  -\- v  cos  26  =1  ji. 

A  is  a  constant  correction  to  the  latitude  assumed ;  x  a  uniformly 
progressive  change ;  and  the  period  of  0  is  six  years. 

The  solution  results  in  the  following  expression  for  A<^  in  units 
of  the  second  decimal  place : 

—  1.96  sin  B  -j-  0.35  cos  6  -\-  1.25  sin  2S  -\-  0.94  cos  2C, 

X  is  quite  inappreciable. 

The  maximum  and  minimum  values  of  this  expression  are  as  fol- 
lows: 

Maximum  1S98,  February    i,   -|-  o".024 

Minimum    1902,  April  9,  —  o  .035 

The  range,  o".o59,  seems  too  great  to  be  altogether  fictitious  when 
the  amount  and  character  of  the  data  employed  are  considered. 

PERIOD  OF   SOLAR  ROTATION. 

EY  PHILIP  FOX. 

An  investigation  of  the  solar  rotation  period  based  upon  measure- 
ments of  positions  of  sixteen  hundred  calcium  flocculi  on  one  hun- 
dred of  the  Rumford  spectroheliograms  taken  at  the  Yerkes  Obser- 
vatory in  the  year  1904,  gives  the  following  results : 
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The  investigation  will  be  continued,  using  the  plates  for  the  years 
1905  and  1906. 
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OPPORTUNITIES  FOR  SOLAR  RESEARCH. 

BY  GEORGE  E.   HALE. 

It  is  safe  to  say  that  every  astronomer  would  prize  an  opportunity 
to  observe  any  of  the  fixed  stars  from  a  position  where  its  disk 
would  appear  as  large  as  the  sun.  It  does  not  seem  probable,  how- 
ever, that  such  observations  of  stellar  phenomena  can  ever  be  made, 
except  in  the  case  of  the  sun  itself.  For  it  should  ever  be  borne  in 
mind,  when  considering  the  importance  of  solar  research,  that  our 
most  intimate  knowledge  of  stellar  phenomena  must  be  derived  from 
solar  observations.  In  the  case  of  the  other  stars,  we  may  deter- 
mine their  positions,  measure  their  radial  velocities,  observe  their 
brightness  and  analyze  their  light,  but  we  have  no  means  of  study- 
ing the  details  of  their  structure,  which  must  be  understood  before 
we  can  advance  far  in  the  solution  of  the  great  problem  of  stellar 
development.  Thus  we  are  driven  back  to  the  sun  and  forced  to 
the  conclusion  that  this  typical  star  well  deserves  our  most  serious 
attention,  and  the  application  of  every  available  means  of  research. 

One  can  not  but  be  impressed,  when  considering  the  sun  from  this 
standpoint,  with  the  comparative  neglect  of  the  numerous  opportuni- 
ties awaiting  the  student  of  solar  physics.  It  is  possible,  by  the  ap- 
plication of  easily  available  instruments,  for  any  careful  student, 
wherever  situated,  to  solve  solar  problems  of  great  importance.  If 
time  permitted,  it  could  be  shown  that  almost  all  the  apparatus  re- 
quired in  such  work  can  be  constructed  at  very  small  expense.  For 
our  present  purpose,  however,  let  us  assume  that  the  observer  has 
at  his  disposal  one  of  the  ccelostats  so  commonly  employed  in  eclipse 
work.  If  this  coelostat  has  a  rather  thick  mirror,  which  is  frequent- 
ly resilvered,  it  may  be  depended  upon  to  serve  well  for  solar  work, 
provided  that  the  mirror  is  shielded  from  sunlight  during  the  inter- 
vals between  the  exposures  of  photographs,  and  that  these  exposures 
are  made  as  short  as  possible.  We  may  assume  that  the  sunlight  is 
reflected  from  the  coelostat  mirror  to  a  second  plane  mirror  (which 
should  also  be  as  thick  as  possible)  and  from  this  mirror  to  an  ob- 
jective, which  should  have  an  aperture  of  at  least  six  inches  and  a 
focal  length  of  from  forty  to  sixty  feet.  In  place  of  this  objective, 
a  concave  mirror,  of  similar  aperture  and  focal  length,  may  be  em- 
ployed. This  apparatus  will  furnish  the  necessary  means  of  form- 
ing a  fixed  solar  image,  of  large  diameter,  within  a  laboratory, 
where  accessory  apparatus  can  be  mounted.  Let  us  now  consider 
briefly  some  of  the  investigations  that  can  be  undertaken. 

Direct  Photography. — The  routine  photographic  work,  done  un- 
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der  the  direction  of  the  Greenwich  Observatory,  provides  ample  ma- 
terial for  the  study  of  the  positions  and  motions  of  svm-spots,  but 
special  investigations  may  well  be  undertaken  with  the  aid  of  direct 
photographs.  The  important  thing  in  all  solar  work  is  not  merely 
to  make  observations  of  some  single  phenomenon,  but  to  carry  on 
two  or  three  series  of  carefully  correlated  observations,  so  designed 
as  to  throw  light  on  one  another.  For  example,  Mr.  Maunder  has 
recently  found  that  the  rotation  period  of  sun-spots  in  nearly  the 
same  latitude  show  differences  as  great  as  those  encountered  in  pass- 
ing from  the  equator  to  the  highest  latitude  in  which  spots  are  found. 
The  cause  of  such  differences  may  well  be  a  subject  of  the  most 
careful  investigation.  The  proper  motions  of  spots,  which  are  asso- 
ciated with  their  period  of  development,  must  be  fully  taken  into 
account.  We  might  also  make  the  hypothesis,  merely  for  the  pur- 
pose of  testing  the  question,  that  the  rotation  period  of  a  sun-spot 
depends  upon  its  level  with  respect  to  the  photosphere.  For  this 
reason  it  would  be  desirable  to  investigate,  in  connection  with  the 
study  of  the  rotation,  the  question  of  the  level  of  sun-spots.  A  sim- 
ple means  of  doing  this  will  be  mentioned  later.  But  it  may  be  added 
here  that  the  question  of  level  raises  other  conditions,  which  should 
not  be  left  out  of  account.  It  is  probably  worth  while  to  investigate 
photographically  the  old  Wilsonian  hypothesis,  since  visual  obser- 
vations have  proved  so  discordant  in  attempts  to  determine  the  rela- 
tive widths  of  the  preceding  and  following  penumbra  of  spots  at 
various  distances  from  the  center  oi  the  sun.  As  a  sun-spot  is  de- 
pressed below  the  level  of  the  surrounding  faculae,  the  vexed  ques- 
tion of  the  visibility  of  the  umbra  near  the  limb  may  depend  upon 
whether  faculse  are  present  or  missing  on  the  sides  lying  in  the  line 
of  sight.  It  is  quite  possible  that  the  temperature  of  the  umbra  may 
vary  with  its  distance  above  the  photosphere.  Thus  correlation  be- 
tween observations  bearing  on  spot  level  and  observations  of  spot 
spectra  is  desirable. 

Spectroscopy. — The  spectroscopic  study  of  solar  phenomena  has 
been  greatly  retarded,  through  delay  in  adopting  suitable  instru- 
ments. The  short-focus  spectroscopes  attached  to  equatorial  tele- 
scopes are  admirably  adapted  for  visual  observations,  but  in  photo- 
graphy their  linear  dispersion  is  much  too  small  to  realize  the  full 
resolving  power  of  the  grating  employed.  In  laboratory  work,  on 
the  contrary,  while  spectroscopes  have  been  sufficiently  powerful, 
they  have  usually  been  of  the  concave  grating  type,  where  astigma- 
tism interferes  seriously  with  the  study  of  solar  details,  and  the  solar 
image  on  the  slit  of  the  spectroscope  has  been  so  small  that  the  indi- 
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vidual  phenomena,  in  any  event,  could  not  be  separately  distin- 
guished. 

The  construction  of  a  powerful  spectrograph  of  the  Littrow  type 
is  an  extremely  simple  matter.  A  small  slit,  mounted  on  a  short  me- 
tallic tube,  is  supported  immediately  above  a  long  narrow  photo- 
graphic plate.  The  wooden  support  for  plate  holder  and  slit  rests 
on  a  pier  and  forms  the  end  of  a  long  light  tube  of  rectangular  sec- 
tion, which  is  closed  at  its  other  end  by  the  wooden  support  for  the 
lens,  which  serves  at  once  for  collimator  and  camera.  The  angular 
aperture  of  the  lens  is,  of  course,  defined  by  that  of  the  objective 
which  forms  the  solar  image  on  the  slit,  but  if  possible  its  focal  length 
should  be  from  ten  to  twenty  feet.  The  rays,  after  being  rendered 
parallel  by  the  lens,  fall  upon  a  grating,  which  need  not  be  larger 
than  a  four-inch  (a  much  smaller  one  would  do  very  useful  work). 
The  spectra  should  be  photographed  in  the  second,  third,  or  fourth 
order,  so  as  to  give  a  sufficient  scale. 

With  such  an  instrument,  new  work  of  great  value  may  be  done. 
Even  with  a  very  small  solar  image,  a  photographic  study  of  the 
solar  rotation  should  yield  results  of  great  precision.  Halm  be- 
lieves, from  his  spectroscopic  work,  that  the  rotation  period  varies 
with  the  solar  activity.  This  is  yet  to  be  confirmed,  but  the  question 
well  deserves  investigation.  There  is  some  reason  to  think  that  the 
rotation  period  is  not  the  same  for  diflferent  substances  in  the  revers- 
ing layer.  The  iron  lines,  for  example,  may  give  values  diflferent 
from  those  obtained  with  the  carbon  lines.  It  is  also  interesting  to 
inquire  whether  the  enhanced  lines  of  an  element  give  the  same  per- 
iod as  the  other  lines  in  its  spectrum. 

Another  interesting  investigation,  which  does  not  require  a  large 
solar  image,  is  the  study  of  the  radial  velocity  of  the  calcium  vapor 
in  the  flocculi.  It  is  only  necessary  to  measure,  with  great  precis- 
ion, the  wave  lengths  of  the  H.,  and  H^  lines,  corresponding  to  var- 
ious points  on  the  solar  image.  In  this  way  the  rise  and  fall  of  the 
calcium  vapor  in  the  flocculi  can  be  ascertained.  To  be  of  the  most 
service,  this  investigation  should  be  carried  on  in  conjunction  with 
some  other  study  of  the  flocculi. 

The  photographic  study  of  sun-spot  spectra  offers  a  most  promis- 
ing opportunity.  It  is  a  very  easy  matter  to  photograph  spot  spectra 
in  such  a  way  as  to  record  for  study  thousands  of  lines  which  are 
beyond  the  reach  of  visual  observation.  Nevertheless,  this  has  been 
accomplished  only  recently,  simply  because  spectrographs  of  suita- 
ble design  have  not  previously  been  applied  in  this  work.  At  the 
vSolar  Observatory  on  Mount  Wilson  it  has  been  found  that,  in  gen- 
eral, the  lines  strengthened  in  spot  spectra  are  strengthened  in  the 
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laboratory  when  the  temperature  of  the  vapor  is  reduced,  while  the 
hnes  that  are  weakened  in  sun-spots  are  weakened  in  the  laboratory 
under  the  same  conditions.  Thus  it  appears  probable  that  the  tem- 
perature of  the  spot  vapor  is  below  that  of  the  reversing  layer.  This 
conclusion  has  been  confirmed  by  the  discovery  in  the  spot  spectnun 
of  the  flutings  of  titanium  oxide.  This  compound  thus  exists  at  the 
lower  temperature  of  the  sun-spot,  but  is  broken  up  into  titanium 
and  oxygen  at  the  higher  temperature  of  the  reversing  layer.  The 
bearing  of  this  result  upon  stellar  spectroscopy  will  be  seen  when  it 
is  remembered  that  the  flutings  of  titanium  oxide  form  the  principal 
feature  of  the  spectrum  of  the  third  type  stars.  It  has  also  been 
found  that  Arcturus  gives  a  spectrum  resembling  very  closely  the 
spectrum  of  a  sun-spot.  A  further  study  of  this  question  will  require 
a  large  number  of  observations  of  spot  spectra,  with  special  refer- 
ence to  the  question  of  variations  in  temperature,  as  indicated  by 
variations  in  the  relative  intensity  of  the  spot  lines.  As  already  re- 
marked, the  temperature  of  spots  may  also  depend  upon  their  level, 
and  this  possibility  must  be  borne  in  mind. 

Work  zmth  the  Spectrohdiograph. — It  is  perhaps  commonly  sup- 
posed that  the  spectroheliograph  is  necessarily  an  expensive  instru- 
ment, out  of  reach  of  the  average  observer.  As  a  matter  of  fact, 
however,  a  spectroheliograph  capable  of  giving  the  best  results  can 
easily  be  constructed  of  materials  ordinarily  available  in  any  obser- 
vatory or  physical  laboratory.  It  is  sufficient,  for  many  purposes, 
to  photograph  only  a  narrow  zone  of  the  solar  image.  In  this  case 
small  lenses  will  suffice  for  the  collimator  and  camera,  and  small 
prisms  for  the  optical  train.  The  lenses  and  prisms  may  be  mounted 
m  wooden  supports,  on  a  wooden  platform,  rolling  on  four  steel 
balls  in  V-shaped  tracks.  The  motion  of  the  instrument  across  the 
solar  image  may  easily  be  produced  by  a  simple  screw,  driven  by  a 
small  electric  motor.  Such  a  spectroheliograph  was  used  to  good 
purpose  at  the  Solar  Observatory  before  the  permanent  instrument 
was  completed. 

Brief  mention  may  be  made  of  some  of  the  numerous  investiga- 
tions possible  with  such  an  instrument.  It  has  recently  been  found 
at  the  Solar  Observatory  that  the  dark  hydrogen  flocculi,  photo- 
graphed near  the  sun's  limb,  are  slightly  displaced  with  reference 
to  the  corresponding  calcium  flocculi.  In  general,  they  lie  nearer  the 
limb.  This  probably  indicates  that  the  absorbing  hydrogen  clouds 
are,  on  the  average,  at  a  higher  level  than  the  brilliant  calcium  clouds. 
This  subject  deserves  careful  investigation,  extending  over  a  consid- 
erable portion  of  time.  The  type  of  spectroheliograph  just  referred 
to  is  as  suitable  for  the  purpose  as  any  instrument  that  can  be  con- 
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structed.  Another  question,  which  seems  to  be  somewhat  more  dif- 
ficuh  to  solve,  is  the  actual  ditterence  in  elevation  of  the  calcium 
flocculi,  as  photographed  in  the  H^  and  Hr,  lines.  Indeed,  it  is  still 
a  question  as  to  how  important  a  part  the  dense  calcium  vapor  plays 
in  determining  the  form  of  the  H^  flocculi.  These  objects  resemble 
the  faculffi  so  closely  that  they  appear  practically  identical  with  them, 
though  slight  differences,  which  are  apparently  genuine,  are  occas- 
ionally found. 

Another  method  of  investigating  this  whole  question  of  levels  is 
afforded  by  the  spectroheliograph.  It  will  be  remembered  that  when 
the  level  of  sun-spots  was  last  under  discussion,  reference  was  made 
to  the  relative  radiation  of  the  umbra  and  neighboring"  photosphere, 
corresponding  to  different  distances  from  the  center  of  the  sun. 
It  was  pointed  out  that  when  a  spot  approaches  the  limb,  its  radiation 
decreases  less  rapidly  than  that  of  the  photosphere.  The  natural 
conclusion  was  that  the  spot  lies  at  a  higher  level  than  the  photo- 
sphere and  thereby  escapes  much  of  the  absorption  produced  by  a 
comparatively  thin  layer  of  absorbing  matter.  Recent  observations 
at  Mount  Wilson  have  shown,  however,  that  the  proportion  of  violet 
light  in  sun-spots  is  much  smaller  than  in  the  case  of  the  photosphere. 
As  it  is  known  that  the  violet  rays  undergo  much  more  absorption 
near  the  sun's  limb  than  those  of  greater  wave  length,  it  is  obvious 
that  the  light  of  the  spot  would  suffer  less  absorption,  even  if  it  were 
at  the  same  level  as  the  photosphere.  Thus  the  only  proper  method 
of  investigating  this  question  will  be  through  the  use  of  monochro- 
matic light. 

The  spectroheliograph  affords  a  simple  means  of  accomplishing 
this.  It  is  only  necessary  to  make  photographs  of  the  spot  and  ad- 
joining photosphere,  corresponding  to  various  distances  from  the 
sun's  center.  The  camera  slit  should  be  set  on  the  continuous  spec- 
trum (not  on  a  line),  preferably  in  the  violet  or  ultra-violet,  since 
change  of  absorption  would  be  most  felt  in  this  region.  In  order  to 
make  photographic  comparisons  easily  possible,  the  intensity  of  the 
photosphere  should  be  reduced  to  approximately  the  intensity  of  the 
umbra,  by  means  of  a  dark  glass,  mounted  over  the  collimator  slit, 
but  not  covering  that  part  of  the  slit  through  which  the  light  of  the 
umbra  passes.  It  is  obvious  that  a  large  image  of  the  sun  will  be 
required  in  this  work. 

The  spectroheliograph  can  be  applied  to  other  studies  of  absorp- 
tion. The  Hi  flocculi,  for  example,  are  reduced  in  brightness  near 
the  sun's  limb  much  more  than  the  //.,  flocculi,  presumably  because 
the  latter  lie  at  a  higher  level.  These  differences  can  be  studied 
photometrically  on  spectroheliograph  plates  made  for  the  purpose. 
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Since  it  is  a  question  just  what  level  is  represented  by  the  back- 
ground (between  the  fioccuH)  in  calcium,  hydrogen,  or  iron  photo- 
graphs, the  instrument  should  be  arranged  so  as  to  pennit  photo- 
metric comparisons  with  the  light  of  the  photosphere,  of  practically 
the  same  wave  length  as  the  calcium,  hydrogen  or  iron  line  employed. 
These  new  applications  of  the  spectroheliograph  have  only  re- 
cently occurred  to  me,  and  are  mentioned  because  of  their  suitability 
for  use  with  instruments  containing  prisms  of  ordinary  height,  cap- 
able of  photographing  only  narrow  zones  of  the  solar  image.  Nu- 
merous other  problems  might  be  mentioned,  such  as  the  comparative 
study  of  //j,  if  2,  and  H^  photographs,  and  of  calcium,  hydrogen,  and 
iron  images ;  the  distribution  of  the  flocculi  in  latitude  and  longi- 
tude, their  varying  area,  as  bearing  on  the  solar  activity  and  on  ter- 
restrial phenomena,  and  their  motion  in  longitude,  as  measuring  the 
solar  rotation.  But  limitations  of  time  forbid  more  than  a  mere 
reference  to  work  and  methods,  the  details  of  which  are  discussed 
elsewhere.  My  purpose  has  been  accomplished  if  I  have  shown  that 
with  comparatively  simple  instrumental  means  any  careful  observer 
may  secure  important  results.  In  much  of  this  work  it  is  desirable 
that  investigators  occupied  with  similar  problems  should  cooperate 
with  one  another.  The  International  Union  for  the  Cooperation  in 
Solar  Research  was  organized  with  this  end  in  view.  It  has  already 
inaugurated  solar  studies,  on  a  common  plan,  in  several  different 
fields,  and  is  preparing  to  extend  the  range  of  its  activities  in  the 
near  future. 


NINTH  MEETING 

The  ninth  annual  meeting  of  the  Society  was  held  at  Hotel  Victory, 
Put-in-Bay,  Ohio,  on  Tuesday,  Wednesday,  Thursday  and  Friday, 
August  25-28,  1908.  In  welcoming  the  Society  to  Put-in-Bay,  Presi- 
dent Pickering  referred  to  the  considerations  which  had  influenced  the 
Council  in  the  selection  of  this  place  for  the  meeting.  It  had  been 
the  desire  that  a  meeting  be  held  where  the  members  could  be  to- 
gether between  the  sessions  as  well  as  at  them,  under  circumstances 
which  would  enable  them  to  become  better  acquainted  and  at  the 
same  time  afford  opportunity  for  the  discussion  of  matters  of  mu- 
tual interest.  It  was  thought  that  this  might  best  be  accomplished 
by  holding  the  meeting  at  a  large  hotel,  far  removed  from  city  in- 
fluences, where  all  would  eat  and  sleep  under  the  same  roof  and 
where  the  sessions  could  be  held  in  the  same  building.  These  con- 
ditions were  satisfied  at  Hotel  Victory,  which  stands  in  large  and 
pleasant  grounds,  upon  an  island  in  the  midst  of  Lake  Erie. 

The  meeting  was  attended  by  twenty-nine  persons.  At  the  last 
session  officers  were  elected  as  follows: 

President E.  C.  Pickering 

First  Vice-President George  C.  Comstock 

Second  Vice-President W.  W.  Campbell 

Secretary W.  J.  Hussey 

Treasurer C.  L.  Doolittle 

^         .,        r      .  I  W.  J.  Humphreys 

Councilors  for  two  years i  ^^      ,    o  1  1     • 

(  Frank  Schlesmger 

Professors  Harold  Jacoby  and  F.  H.  Seares  were  designated  as 

the  editors  for  the  meeting. 


ABSTRACTS  OF  PAPERS 

FORMULAS  FOR  THE  REDUCTION  OF  SATELLITE  OB- 
SERVATIONS. 

BY  ASAPH  HALL,  JR. 

Professor  Hall  referred  to  the  satellite  observations  which  he  was 
making  with  the  twenty-six-inch  refractor  of  the  U.  S.  Naval  Ob- 
servatory, and  presented  the  formulas  which  were  being  used  in 
their  reduction.     These  were  based  upon  Bessel's  formulas. 
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DOOUTTLE'S  MEASURES  OF  THE  HOUGH  DOUBLE 

STARS. 

BY  G.    W.    HOUGH. 

In  this  paper  the  author  expresses  his  great  obligations  to  Pro- 
fessor Eric  Doohttle  for  undertaking  and  carrying  out  in  a  thorougli 
manner  so  extensive  a  piece  of  work  as  the  remeasurement  of  all  the 
double  stars  discovered  by  him,  and  upon  the  basis  of  this  work  he 
classifies  the  double  stars  contained  in  this  catalogue,  with  respect 
to  their  distances,  as  follows : 

Distance  No.  of  Pairs 
Under  o".5  84 

o".S  to  i"  74 

l"    to     2"  lOI 

2"    to    5"  172 

Over  5"  218 

This  catalogue  is  notable  for  the  large  number  of  close  pairs  that 
it  contains.  Special  mention  is  made  of  Ho.  212=  13  Ceti,  the  sec- 
ond most  rapid  telescopic  binary  at  present  known.  Its  period  has 
been  established  largely  through  the  continuity  of  measures  made  by 
Professor  Aitken  at  the  Lick  Observatory,  according  to  whose  ele- 
ments it  completes  a  revolution  in  7.35  years.  Professor  Doolittle 
gets  practically  the  same  result,  7.42  years. 

THE  STANDARD  CLOCK  OF  THE  U.  S.  NAVAL  OBSERVA- 
TORY. 

BY  W.  S.  EICHELBERGER. 

In  December,  1906,  in  an  address  before  the  American  Association 
for  the  Advancement  of  Science  {Science,  March  22,  1907,  p.  451), 
I  presented  a  table  showing  the  daily  rates  of  the  standard  clock  of 
the  U.  S.  Naval  Observatory,  Riefler  Sideral  Clock  No.  70,  from  Feb- 
ruary 8  to  May  12,  1904. 

This  clock  was  enclosed  in  an  air-tight  glass  case  and  was  mount- 
ed in  a  vault  where  the  temperature  was  artificially  controlled. 
However,  during  the  period  mentioned  it  was  found  impossible  to 
prevent  air  from  leaking  into  the  case  so  that  a  nearly  uniform  pres- 
sure was  maintained  by  pumping  out  one  or  two  millimeters  per 
day.  The  mean  difference  between  the  observed  and  computed  daily 
rate  for  that  period  was  o'.oi5. 

Immediately  following  the  period  named,  we  succeeded  in  making 
the  glass  case  air  tight  and  during  the  past  four  years  we  have  had 
practically  no  trouble  from  leakage  of  air.    I  therefore  desire  to  pre- 
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sent  to  this  Society  a  discussion  of  the  dail}-  clock  rates  of  this  same 
clock  from  February  6  to  June  19,  1905. 

The  following  table  gives  the  dates  of  observations,  the  mean 
pressure  in  the  clock  case,  the  observed  daily  rate,  the  computed 
rate,  and  the  difference  between  the  last  two.  The  change  in  pres- 
sure is  due  to  a  progressive  change  in  the  temperature  of  the  clock 
vault.    The  computed  rates  are  obtained  from  the  formula : 

+  0'.002S5  —  o'.oi247  (B  —  677"""'.s)  —  o'.ooo366  (T  —  April  14.5) 

deduced  from  a  least  square  solution  of  the  observed  daily  rates. 
The  mean  difference  between  the  computed  and  the  observed  rates 
is  0^.009. 


DAILY 

R,\TE  OF 

RIEFLER   SIDERE.^L  CLOCK   NO.   70 

Date 

B 

Obs.  Rate 

Comp.  Rate 

0  —  C 

1905 

mm. 

s. 

s. 

s. 

Feb.     6.6 
10.6 

68 1 

—  0.0074 

—  0.0173 

+   O.OIO 

681 

—  0.005s 

—  0.0187 

+  0.013 

14.4 

681 

—  0.0386 

—  0.0199 

—  0.019 

17-5 
20.6 

681 

—  0.0127 

—  0.0211 

-(-  0.008 

680.5 

—  0.0317 

—  0.0163 

—  0  015 

24- S 

Mar.     1.7 

6.3 

680.5 
680 

—  0.0310 

—  0.0144 

—  0.0178 

—  0.0134 

—  0.013 

—  O.OOI 

6-9.5 

—  0.0038 

—  0.0089 

+  0.005 

10.5 

679 

+  0.0038 

—  0.0038 

+  0.008 

13.5 
18.3 

679 

+  0.0125 

—  0.0053 

+  0.018 

678 

—  0.0048 

-f-  0.0050 

—  O.OIO 

2S-5 
28.S 

678 

—  0.0209 

+  0.0031 

—  0.024 

678 

+  0.0199 

-j-  0.0019 

+  0.018 

3I-S 

Apr.     2.6 

7.6 

678 

-J-  0.0113 

4-  O.OOIO 

+   O.OIO 

677-5 

-j-  0.0062 

+  0.0060 

0.000 

677 

+  0.0043 

-j-   O.OIOI 

—  0.006 

13-5 

677 

-j-  0.0098 

-j-  0.0084 

+   O.OOI 

17-5 
20.6 

677 

—  0.0019 

-)-  0.0072 

—  o.oog 

677 

+  0.0118 

+  0.0058 

+  0.006 

24-5 

677 

+  0.0173 

+  0.0046 

+  0.013 

27- S 

May     2.5 

7-5 

677 
676.5 

-j-  0.0146 
—  0.0079 

+  0.0031 
+  0.0074 

+   0.0X2 
—  0.015 

676 

+  0.0IS4 

+  0.0II8 

+  0.004 

12.5 
16.S 
195 
23.6 
25.6 
June     I.S 

676 

+  0.0074 

+  0.0103 

—  0.003 

676 

+  0.0058 

4-  0.0091 

—  0.003 

676 

—  0.0014 

4-  0.0077 

—  0.009 

676 

+  0.0072 

-j-  0.0067 

0.000 

675-5 

4-  0.0082 

+  O.0II3 

—  0.003 

675 

+  0.0137 

+  0.0154 

—  0.002 

54 
9-5 

675 

+  0.0235 

+  0.0139 

+   O.OIO 

674 -5 

-f  0.0142 

+  0.0187 

0.004 

13-4 
16.4 
19-5 

673-5 

+  0.0403 

-1-  0.0300 

+   O.OIO 

673 

+  0.0312 

+  0.0350 

—  0.004 

Mean  o.ooQ 
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The  behavior  of  the  clock  can  also  be  shown  from  the  clock  correc- 
tions during'  the  same  period.  Each  clock  correction  depending 
upon  ten  or  more  time  stars  has  been  reduced  to  April  15.0  by  the 
rate  formula  given  above  with  the  following  result : 


CORRECTION    TO    RIEFLER    SIDEREAL    CLOCK    NO.     70,    APRIL     I5.O. 

190S,  February 


March 


April 


May 


June 


6.5 

^M:,Al^       \.L.KJ\~r^ 

14' 

/ 
23 

10.7 

— 

14 

29 

I7-S 

— 

14 

30 

18.3 

— 

14 

29 

20.6 

— 

14 

28 

24-5 

— 

14 

34 

10.5 

— 

14 

40 

13.5 

— 

14 

27 

15-5 

— 

14 

33 

25-5 

— 

14 

36 

27.5 

— 

14 

40 

28.S 

— 

14 

44 

29-5 

— 

14 

4S 

30.S 

— 

14 

44 

31S 

— 

14 

38 

8.5 

— 

14 

38 

13.5 

— 

14 

40 

14.6 

— 

14 

43 

17-5 

— 

14 

39 

18. S 

— 

14 

40 

19-5 

— 

14 

42 

20.5 

— 

14 

42 

22. s 

— 

14 

40 

24-5 

— 

14 

40 

27-5 

— 

14 

36 

2.5 

— 

14 

30 

12.5 

— 

14 

39 

19-5 

— 

14 

41 

22.4 

— 

14 

42 

23-5 

— 

14 

45 

24-5 

— 

14 

44 

2S.S 

— 

14 

45 

i.S 

— 

14 

44 

2.5 

— 

14 

42 

9-5 

— 

14 

42 

I9-S 

— 

14 

44 

Mean 


14  -39 


The  mean  of  the  residuals  obtained  by  subtracting  —  14^-39  from 
each  of  the  above  clock  corrections  is  0^.04. 

Observations  were  discontinued  for  some  weeks  beginning  the 
Jatter  part  of  June,  so  that,  in  order  to  show  how  well  the  clock  cor- 
rection could  be  predicted  a  iiew  rate  formula  was  deduced  using 
observations  from  February  6  to  June  i.     Using  this  rate  formula 


-\-  OS. 00207  — OS. 01230  [B  —  677mm  5)  —  OS. 000373  (T—  April  14.5) 
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and  the  clock  correction  for  April  15.0  as  —  I4*-3Q.  the  predicted 
clock  corrections  for  June,  1905,  were  obtained  as  given  in  the  ac- 
companying table: 

CLOCK   CORRECTIONS   FOR  JUNE,   I905. 


Date 

Sidereal 
Hour 

Predicted 
Correction 

Observed 
Correction 

O-C 

June     1 . 5 

2.5 

3-5 

8.5 

9-5 

13.5 

14.5 

18.5 

19.5 

16. 8 
16.6 

16.5 
16.3 

16.5 
14.8 
16. 1 
18.6 
16.9 

— 14s.  04 
14  .03 
14  .01 

13  .95 

13  -93 
13  .85 
13  .81 

13  -69 
—13  -65 

— 14s. 06 
14  .01 

14  .04 
13  .91 

15  .90 
13  .85 

13  .88 

13  .66 

-13  .66 

— OS. 02 
+0  .02 
—0  .03 
+0  .04 
+0  .03 
0  .00 
— 0  .06 
+0  .03 
+0  .02 

-13  .886 

-13  .882 

±0  ,03 

ILLUMINATION  OF  THE  REFLEX  ZENITH  TUBE. 

BY  C.  L.  DOOLITTLE. 

As  the  instrument  was  originally  constructed,  the  field  was  illum- 
inated by  a  small  electric  lamp  placed  outside  the  tube,  the  light  of 
which  fell  on  a  diagonal  reflector  in  the  axis  of  the  instrument.  The 
mirror  was  only  eight  inches  from  the  micrometer  threads.  The 
result  was  that  when  the  thread  was  not  practically  in  the  axis  the 
reflection  back  and  forth  from  the  under  side  of  the  prism  and  the 
mercury  surface  produced  a  feathery  appearance  in  the  threads, 
making  it  impossible  to  obtain  a  sharp  image  of  the  same. 

After  considerable  discussion  and  some  experimenting  the  fol- 
lowing plan  was  adopted :  The  smallest  electric  lamp  obtainable — • 
sometimes  called  a  dental  lamp — is  placed  in  the  axis  of  the  instru- 
ment, six  inches  above  the  mercury  surface.  This  is  held  in  place 
by  a  thin  strip  of  brass  attached  to  the  tube  in  such  a  way  that  it 
may  be  readily  removed  in  case  repairs  or  removal  of  the  lamp  are 
called  for.  The  current  is  furnished  by  a  dry  battery,  and  the  bright- 
ness controlled  by  a  rheostat.  It  is  all  of  home  construction  and 
gives  perfect  satisfaction. 
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ON  THE  CONSTANCY  OF  THE  PERIOD  OF  THE  VARIA- 
BLE STAR,  M  5  (Libra)  No.  33. 

BY   E.    E.    BARNARD. 

This  is  one  of  the  Harvard  ckister  variables  and  has  been  under 
observation  with  the  forty-inch  for  nearly  ten  years.  The  period 
derived  from  these  observations  is 

12I1  2">  7s. 3040  ±  0S.017S1 

The  period  was  independently  determined  from  normal  observa- 
tions at  intervals  of  one  or  two  years.  The  deviations  among  these 
values  did  not  exceed  o'.o65.  Though  this  is  approximately  pro- 
gressive with  the  time,  it  is  not  believed  to  be  real. 

An  observation  of  the  variable  at  its  most  rapid  light  change  is 
subject  to  a  probable  error  of  about  ±  1.2  minutes,  which,  when 
three  or  four  normals  are  employed,  is  reduced  to  ±  0.5  minute. 

The  light  curve  shows  that  the  star,  after  remaining  faint  for  a 
large  part  of  its  period,  rather  suddenly  begins  to  brighten  and  in 
one  hour  has  reached  maximum.  It  remains  but  a  short  time  at 
maximum.  The  decrease  for  the  first  half  hour  is  almost  equally 
as  rapid  as  the  rise.  It  then  fades  slowly  for  the  next  six  or  eight 
hours  to  minimum.  The  entire  light  change  is  about  1.2  magnitudes 
from  15°  ±  to  14"  ±. 

THE  PHOTOHELIOMETER. 

BY  CHAS.  LANE  POOR. 

By  an  arrangement  with  Professor  Frost  a  twenty-five-foot  photo- 
graphic heliometer  was  mounted  upon  the  tube  of  the  forty-inch 
Yerkes  telescope.  The  lenses  were  two  inches  in  aperture  and  were 
specially  made  for  this  work  by  Brashear.  The  centers  of  the  lenses 
were  at  a  fixed  distance  apart  and  this  distance  was  so  adjusted  as 
to  make  the  photographic  images  of  the  sun  overlap.  The  common 
chord  of  these  overlapping  images  is  a  measure  of  the  diameter  of 
the  sun,  and  slight  variations  in  the  diameter  produce  relatively  large 
changes  in  the  length  of  the  chord. 

During  1907  a  series  of  photographs  were  taken  by  Mr.  Fo.x,  but 
owing  to  bad  weather  the  number  was  rather  limited.  They  were 
sufficient,  however,  to  test  the  value  of  the  method  and  to  show  the 
general  lines  upon  which  an  instrument  should  be  built. 
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A  POSSIBLE  THIRD  BODY  IN  THE  SYSTEM  OF  ALGOL. 

r.Y    R.    H.    CURTISS. 

Spectroscopic  determinations  of  the  center  of  mass  velocity  of  the 
eclipsing  stars  of  Algol  indicate  strongly  that  three  bodies  enter 
into  this  system  about  the  center  of  mass  of  which  the  eclipsing  pair 
revolves  in  a  nearly  circular  orbit  with  a  radius  of  not  less  than 
89,000,000  km.,  a  period  of  1.899  years  and  an  epoch  of  minimum 
radial  velocity  at  the  date,  1901.85. 

The  variations  observed  in  the  eclipse  period  of  this  star,  as  well 
as  those  suspected  in  the  eccentricity,  are  possibly  largely  due  to 
perturbations  arising  in  such  a  system. 

As  a  consequence  of  the  orbital  motion  of  the  center  of  mass  of 
the  eclipsing  pair  a  variation  in  the  time  of  light  minimum  with  a 
range  of  ten  minutes  and  a  period  of  1.899  3'ears  should  be  shown 
by  photometric  observations. 


ACHROMATIC  AND  APOCHROMATIC  COMPARATIVE 
TESTS.     PRELIMINARY   COMMUNICATION. 

BY  E.  D.  ROE,  JR. 

To  test  them  side  by  side,  two  visual  telescope  objectives,  each  of 
the  two  lens  type,  an  achromatic  and  an  apochromatic  of  2j^-inch 
and  234-inch  aperture  and  forty-four  inches  focal  length,  were  or- 
dered by  the  writer  in  March  of  Mr.  Lundin,  of  the  Alvan  Clark 
Corporation,  and  of  Steinheil  Sohne,  of  Munich,  respectively.  Hart- 
mann's  Foucault  knife-edge  test  as  described  in  the  Astrophysical 
Journal  for  May,  1908,  was  tried  by  Dr.  Saunders  and  the  writer 
on  Mr.  Lundin's  objective,  both  visually  and  photographically.  Col- 
or screens  were  used  for  testing  chromatic  aberration.  Four  photo- 
graphic plates  of  the  objective  were  secured.  The  objective  showed 
high  excellence  under  these  tests.  For  the  laboratory  manipulations 
and  appliances  involved  the  writer  is  greatly  indebted  to  his  col- 
league, Dr.  Saunders.  Mounted  on  a  6,'/2-inch  Clark  equatorial  with 
clock  work,  the  writer  has  tested  the  objective  on  double  stars  with 
splendid  results.  As  the  Steinheil  objective  was  only  recently  re- 
ceived, the  investigation  is  as  yet  unfortunately  incomplete.  Pre- 
liminary examination,  however,  raises  the  expectation  that  this  ob- 
jective will  accomplish  what  its  maker  intended  it  should. 
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ON  A  QUICK  VISUAL  METHOD  OF  REDETERMINING 

THE  FOCUS  OF  A  LARGE  VISUAL  REFRACTOR 

WHEN  USED  FOR  PHOTOGRAPHY  WITH 

A  COLOR-SCREEN. 

BY  E.  E.  BARNARD. 

Such  a  large  telescope  as  the  forty-inch  refractor  of  the  Yerkes 
Observatory  changes  its  focus  largely  from  changes  of  temperature. 
But  the  photographic  focus  of  such  an  instrument,  where  a  color- 
screen  is  used,  having  once  been  determined,  can  at  any  time  be  re- 
determined accurately,  regardless  of  temperature  changes. 

The  following  is  the  method:  Find  the  photographic  focus  by 
the  usual  method  of  exposure  on  the  stars.  Insert  in  an  adapter  on 
the  plate  holder  a  high-power  eyepiece  with  a  graduated  scale  on  the 
tube.  With  the  plate  holder  set  at  the  scale  reading  giving  the  best 
result,  focus  carefully  with  the  eyepiece  on  a  star,  and  record  the 
reading  on  the  scale  of  the  eyepiece.  At  any  other  time,  disregard- 
ing the  temperature,  etc.,  the  plate  holder  is  set  at  the  original  scale 
reading  for  the  best  focus,  the  eyepiece  is  inserted  and  the  visual 
focus  read  oflf.  If  it  is  so  many  millimeters  shorter  or  longer  than 
the  original  visual  reading,  the  plate  carrier  must  be  moved  in  or 
out  by  that  extent.  The  plate  will  then  be  in  the  best  focus  for 
the  moment.  If  a  spider  line  is  inserted  in  the  eyepiece  and  is 
brought  into  the  focal  plane  with  the  star,  then  any  other  observer 
can  at  any  time  determine  the  focus  in  a  minute's  time  by  bringing 
a  star  and  the  wires  into  focus  and  making  the  proper  connections. 


ON  THE  FOCAL  CHANGES  IN  NOVA  PERSEI  AND  ON 
THE  FOCUS  OF  SOME  OF  THE  WOLF-RAYET  STARS. 

BY   E.    E.    BARNARD. 

In  Astronomischc  Nachrichten,  No.  4232,  Dr.  J.  Hartmann  finds 
that  the  spectrum  of  Nova  Persei  changed  to  the  nebular  condition  in 
the  fall  of  1902.  In  1906  it  had  again  changed  and  was  similar  to 
that  of  the  Wolf-Rayet  stars.  Observations  in  the  rather  long  in- 
terval were  lacking  to  show  when  the  change  from  the  nebular  spec- 
trum had  occurred. 

Observations  of  the  focus  of  this  star  were  made  at  the  Yerkes 
Observatory  with  the  forty-inch  telescope  in  1901,  1902,  and  1903. 
They  show  a  change  in  accordance  with  Dr.  Hartmann's  spectro- 
scopic observations. 
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The  focus  rather  suddenly  became  nebular  about  the  first  of  Oc- 
tober, 1902,  when  it  was  a  quarter  of  an  inch  longer  than  for  a  star. 
This  lasted  until  the  middle  of  November  of  the  same  year,  when  it 
slowly  returned  to  the  stellar  focus,  becoming  stellar  about  Febru- 
ary, 1903.  The  last  of  these  focal  measures  was  made  September 
28,  1903.  The  result  was  —  0.03  inch.  This  value  was  so  small  that 
the  sign  was  not  considered  real.  But  for  the  fact  that  Dr.  Hart- 
mann  found  the  Nova  had  finally  reached  a  condition  similar  to  that 
of  the  Wolf-Rayet  stars,  it  may  have  a  stronger  significance  than  I 
supposed,  for  I  find  that  those  of  the  Wolf-Rayet  stars  I  have  ex- 
amined, with  the  exception  of  one  case,  have  their  focus  slightly 
shorter  than  for  an  ordinary  star.  The  focal  measures,  therefore, 
verify  Dr.  Hartmann's  results  and  show,  furthermore,  just  when  the 
change  in  the  spectrum  of  the  star  occurred. 

APPROXIMATE  EPHEMERIDES  OF  THE  FIXED  STARS. 

BY  G.   C.   COMSTOCK. 

When  only  a  moderate  degree  of  precision  is  required,  apparent 
places  of  the  fundamental  stars  covering  a  period  of  many  years 
may  be  given  in  a  very  compendious  form.  Two  tables  of  such 
places  will  be  published  elsewhere,  one  giving  the  coordinates  of 
Polaris  within  a  second  of  arc,  for  a  period  of  twenty-five  years,  the 
other  showing  the  apparent  places  of  fifty  equatorial  stars  for  a 
similar  period.  The  probable  error  of  a  right  ascension  for  these 
clock  stars  is  about  two-tenths  of  a  second  of  time. 

A  NEW  FORM  OF  STELLAR  PHOTOMETER. 

BY  E.  C.  PICKERING. 

In  this  new  form  of  stellar  photometer,  an  artificial  star  is  formed 
by  allowing  a  small  electric  light,  run  by  a  storage  battery,  to  shine 
through  a  minute  hole,  placed  in  the  focus  of  a  small  auxiliary  tele- 
scope. This  telescope  is  placed  at  right  angles  to  the  main  telescope 
and  a  piece  of  plane  glass  set  at  an  angle  of  45°  reflects  the  artificial 
star  into  the  eyepiece.  A  piece  of  opal  or  ground  glass  is  placed 
over  the  hole,  and  the  light  of  the  artificial  star  is  varied  by  moving 
the  electric  light,  along  the  axis  of  the  small  telescope,  by  a  known 
amount.  The  scale  of  the  instrument  accordingly  depends  on  the 
law  of  the  square  of  the  distances,  instead  of  on  the  laws  of  polar- 
ized light,  or  on  the  empirical  law  found  for  wedge  photometers. 
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ON  THE  CHARACTER  OF  THE  LIGHT  VARIATIONS  OF 

a  HERCUUS. 

BY  FRANK  SCHI^ESINGER. 

This  star  has  long  been  thought  to  be  an  irregular  variable  with 
a  period  of  thirty-five  to  forty  days  and  with  rapid  fluctuations  near 
minimum.  Frost  and  Adams  have  shown  it  to  be  a  spectroscopic 
binary.  In  the  spring  of  this  year  it  was  placed  upon  the  observing 
program  of  the  Mellon  spectrograph  of  the  Allegheny  Observatory 
and  Professor  Pickering  kindly  agreed  to  have  it  observed  simul- 
taneously at  Harvard  with  the  photometer.  Our  spectrograms  were 
measured  and  reduced  by  Mr.  Baker,  who  deduced  a  period  of  2.05 
days  for  the  velocity  variations,  very  different  from  that  assigned  to 
the  light  variations.  In  discussing  these  observations  v^-ith  Mr. 
Baker  it  occurred  to  us  that  the  star  might  be  an  Algol  variable. 
The  character  of  the  spectrum  and  the  form  of  the  orbit  (especially 
the  small  eccentricity)  and  most  of  the  observations  concerning  its 
light,  are  in  conformity  with  this  idea.  Mr.  Wendell's  observations 
at  Harvard  showed  that  this  surmise  is  correct,  and  further  proved 
the  existence  of  a  secondary  minimum,  so  that  the  star  is  more 
properly  of  the  j8  Lyrae  type  than  of  the  Algol  type.  With  the  help 
of  a  diagram  it  may  be  shown  how  all  the  observed  phenomena  con- 
cerning this  star  can  be  explained  and  how  the  erroneous  conclusions 
concerning  the  period  and  the  fluctuations  at  minimum  arose.  The 
case  is  interesting  as  showing  the  intimate  connection  between  pho- 
tometric and  spectrographic  observations,  the  true  character  of  the 
light  variations  being  first  indicated  by  the  latter. 

PHOTOGRAPHIC  LIGHT-CURVE  OF  THE  VARIABLE 
STAR  SU  CASSIOPEIAE. 

BY  J.  A.  PARKHUSST. 

A  lantern  slide  was  shown  of  the  mean  light  curve  of  this  star 
derived  from  eighty-six  extra-focal  images  taken  with  the  Zeiss  six- 
inch  doublet  between  October  19,  1906,  and  April  5,  1908.  The 
plates  were  measured  with  a  Hartmann  Microphotometer  and  re- 
duced with  the  writer's  "absolute  scale."  The  observations  were 
best  represented  by  a  period  of  1.9498  days,  giving  a  correction  of 
—  0.0008  to  Miiller  and  Kempf's  period. 

The  range  in  magnitude  was  found  to  be  0.47,  from  6.52  to  6.99. 
Compared  with  Miiller  and  Kempf's  range  of  0.33  (5.93  to  6.261, 
this  gives  a  color  intensity  of  0.59  magnitude  at  maximum  and  0.73 
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at  minimum ;  the  difference  being  similar  to  tliat  found  for  other 
variables  of  short  period.  The  star's  spectrum  is  F  3  G  on  the  Har- 
vard classification.  The  radial  velocity  as  determined  from  nine 
one-prism  plates  taken  with  the  Bruce  spectrograph  and  the  forty- 
inch  refractor,  is  about  — 7  km.  per  second,  with  but  slight  varia- 
tion between  the  different  plates. 

This  star  has  about  the  smallest  range  of  any  well-attested  varia- 
ble, but  presents  no  difficulties  to  the  extra-focal  method. 

ON  THE  IRREGULARITY  OF  THE  PROPER  MOTION  OF 
THE  STAR  KRUEGER  60. 

BY  E.  E.  BARNARD. 

From  observations  made  with  the  forty-inch  refractor  of  the 
Yerkes  Observatory,  the  parallax  of  Krueger  60  was  determined. 
The  resulting  value  was  ir^-l- o".247  dz  o".oio.  This  agrees 
closely  with  the  values  determined  by  Dr.  Schlesinger  and  also  with 
that  by  Dr.  Russell,  the  three  values  being: 

Barnard  -|-  o"  .247  ±  o".oio 

Sclilesinger    -f-  o   .248  ±  o  .009 
Russell  -|-  o   .258  ±  o  .013 

One  of  the  components  of  Krueger  60  is  a  rather  wide  double  star, 
found  by  Professor  Burnham  in  1890,  with  components  of  the  mag- 
nitudes 9.3  and  I  I.e.  The  distance  between  the  components  is  about 
Z%",  and  they  are  in  rapid  orbital  motion.  During  the  investiga- 
tion for  parallax,  it  was  found  that  the  proper  motion  of  the  larger 
star,  as  determined  from  comparisons  with  other  stars,  was  slowly 
changing  its  direction,  having  in  the  past  six  or  seven  years  changed 
about  8°  or  9°,  from  239°  to  247°.  This  is  undoubtedly  due  to  the 
orbital  motion  of  the  two  stars.  It  shows  that  the  small  star  must 
have  a  rather  large  relative  mass.  The  masses  of  these  two  stars 
can  be  accurately  determined  by  measuring  the  position  of  A,  with 
reference  to  near-by  stars. 

THE  COELOSTAT  TELESCOPE  OF  THE  DOMINION  OB- 
SERVATORY. 

BY  J.   S.   PLASKETT. 

This  paper  contains  a  description  illustrated  by  lantern  slides  of 
a  new  installation  for  solar  research  at  Ottawa.  A  coelostat  and 
secondary  mirror,  each  of  twenty  inches  aperture,  feed  a  concave 
of  18  inches  aperture  and  eighty  feet  focus  .  Owing  to  local  condi- 
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tions  the  beam  from  the  concave  has  to  pass  under  the  secondary- 
mirror  to  a  focus  in  the  basement  of  the  Observatory.  Notwithstand- 
ing the  different  and  less  advantageous  conditions  the  solar  defini- 
tion is  in  general  very  good,  much  better  than  obtained  with  the  re- 
fractor more  suitably  situated.  The  coelostat  is  covered  by  a  house, 
moving  back  on  rails  and  the  beam  passes  through  a  shed  and  a  short 
tunnel  to  the  focus.  Both  house  and  shed  are  thoroughly  louvered. 
A  grating  spectroscope  of  the  Littrow  form,  with  a  Brashear  six- 
inch  objective  of  twenty-three  feet  focus,  and  a  Michelson  plane 
grating  ruled  surface,  434  x  4-}4  inches,  arranged  to  rotate  around 
its  optical  axis,  will  be  used  with  this  telescope  for  spectroscopic  in- 
vestigations of  the  solar  rotation,  sun  spots,  etc. 


CAMERA  OBJECTIVES  FOR  SPECTROGRAPHS. 

BY  J.  S.  PLASKETT. 

This  paper  contains  an  account  of  tests  for  definition  and  flatness 
of  field  performed  on  a  number  of  different  types  of  lenses  used  in 
and  especially  made  for  spectrographic  work.  The  advantages  of 
some  of  the  new  forms  of  Brashear  and  Zeiss  over  those  previously 
used  is  illustrated  diagrammatically.  For  work  with  a  single  prism 
a  new  objective  by  Brashear  with  widely  separated  elements,  both 
of  the  same  material,  light  crown,  gives  the  best  field,  while  for  three- 
prism  work  another  single  material  by  Zeiss,  in  this  case  of  the 
prism  material,  performs  most  satisfactorily.  Neither  of  these  forms 
can  be  used  with  larger  angular  aperture  than  f/io.  For  shorter 
focus  lenses  the  Zeiss  Tessar  seems  to  be  most  suitable.  A  descrip- 
tion of  the  effect  upon  definition  and  flatness  of  field  of  changing  the 
separation  of  the  elements  will  be  given. 


THE  DISTRIBUTION  OF  ERUPTIVE  PROMINENCES  ON 
THE  SOLAR  DISK. 

BY  PHILIP  FOX. 

This  communication  reviews  a  paper  presented  to  the  American 
Association  for  the  Advancement  of  Science  at  the  Chicago  meeting 
on  "The  Detection  of  Eruptive  Prominences  on  the  Solar  Disk"  and 
summarizes  the  observations  on  their  distribution  as  follows : 

Spot  birth  is  always  accompanied  by  and  generally  preceded  by 
eruptions.  While  the  spot  continues  active  the  prominences  will  be 
present,  generally  following  it  at  the  edge  of  the  penumbra.    Spots 
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beginning  to  decline  are  also  accompanied  with  eruptions  which  will 
be  seen  at  the  ends  of  the  bridges.  In  the  case  of  complex  spots 
where  we  have  a  large  leader  spot  and  another  at  the  tail  of  the 
stream  the  eruptions  follow  the  preceding  spot  and  precede  the  fol- 
lowing spot  and  are  seen  among  the  smaller  spots  of  the  stream. 
Eruptions  are  rarely  seen  preceding  the  leader  spot  and  are  as  seldom 
found  following  the  trailer. 

The  eruptions  about  the  spot-groups  are  probably  due  in  part  to 
the  interference  of  the  whirls  about  the  spots.  Judging  from  the 
direction  of  motion  indicated  by  the  whirls  of  calcium  and  of  the 
hydrogen  shown  on  the  spectroheliograms,  and  from  the  motion  in 
some  of  the  prominences,  I  find  the  direction  of  the  whirls  in  the 
northern  hemisphere  as  counter-clockwise  and  clockwise  in  the  south- 


THE  WORK  OF  THE  NAUTICAL  ALMANAC  OFFICE. 

EY  MILTON  UPDEGR.\FF. 

The  American  Ephemeris  and  Nautical  Almanac  is  one  of  five 
similar  publications,  and  was  first  issued  for  the  year  1855  at  Cam- 
bridge, Massachusetts,  under  the  direction  of  Lieutenant  (after- 
ward Rear-Admiral)  Chas.  H.  Davis,  U.  S.  N.  The  American  Nau- 
tical Ofiice  was  established  in  the  year  1849,  ^^'^^  removed  from 
Cambridge,  Massachusetts  to  Washington,  D.  C,  in  1866,  and  after 
occupying  from  time  to  time  various  quarters  in  the  Navy  Depart- 
ment and  elsewhere  in  the  city  of  Washington,  was  located  in  the 
main  building  of  the  new  Naval  Observatory  in  1893.  During  the 
first  forty-eight  years  the  Almanac  had  four  superintendents  and 
during  the  remaining  years  six  directors,  the  title  of  superintendent 
having  been  changed  to  director  in  1893. 

Professor  Simon  Newcomb,  U.  S.  N.,  was  superintendent  and 
director  for  twenty  years,  1877  to  1897,  and  during  that  time  there 
were  published  under  his  direction  eight  volumes  of  the  Astronomi- 
cal Papers  of  the  American  Ephemeris,  as  well  as  the  yearly  volumes 
of  the  Ephemeris  during  that  time.  During  the  past  eleven  years 
the  accuracy  of  the  computations  for  the  Ephemeris  has  been  im- 
proved, a  catalogue  of  zodiacal  stars  published,  and  orbits  and  eph- 
emerides  of  certain  new  satellites  of  the  planets  computed.  The  next 
volume  to  be  issued  is  that  for  the  year  1912.  It  is  intended  here- 
after to  leave  out  the  lunar  distance  tables,  to  insert  the  ephemerides 
of  about  three  hundred  additional  fixed  stars,  and  to  substitute  for 
the  Struve-Peters  constants  the  constants  adopted  at  the  conference 
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of  directors  of  the  national  ephemerides  held  in  Paris  in  May,  1896. 
Among  minor  changes  which  are  under  consideration  may  be  men- 
tioned : 

(a)  I\Ioon  culminations  given  for  lower  as  well  as  upper  culmi- 
nation. 

(b)  A  more  convenient  arrangement  of  the  ephemerides  of  the 
satellites  of  the  planets. 

(c)  Ephemerides  of  the  brightness  of  the  planets  in  terms  of 
stellar  magnitude. 

(rf)  Ephemerides  for  physical  observations  of  the  sun,  moon, 
and  planets. 

The  second  edition  of  the  American  Nautical  Almanac  for  1909 
will  contain  a  star  list  and  map  for  the  use  of  navigators,  and  it  is 
hoped  later  on  to  add  certain  tables  and  ephemerides  for  the  conven- 
ience of  surveyors  and  engineers. 

Definite  suggestions  as  to  possible  improvements  in  the  American 
Ephemeris  and  Nautical  Almanac  from  astronomers,  navigators  and 
others  who  make  practical  use  of  that  publication,  are  desired,  will 
be  carefully  considered  and  should  be  addressed  to  "The  Director, 
Nautical  Almanac,  U.  S.  Naval  Observatory,  Washington,  D.  C." 

The  American  Nautical  Almanac  Office  cooperates  with  the  Brit- 
ish Nautical  Almanac  Office  in  certain  lines  of  work,  and  is  also  at 
present  cooperating  with  Professor  Simon  Newcomb,  U.  S.  N.  (re- 
tired), in  his  lunar  researches  and  in  a  revision  of  the  orbit  of  Mars. 
The  present  superintendent  of  the  Naval  Observatory,  Admiral  Wm. 
J.  Barnette,  is  disposed  to  promote  the  cooperation  of  the  Depart- 
ment of  Astronomical  Observations  of  the  Naval  Observatory  with 
the  Nautical  Almanac  Office,  especially  as  regards  the  meridian  work 
of  the  Observatory  and  the  places  of  the  fixed  stars  given  in  the 
American  Bphcmcris. 

The  distributing  list  for  the  American  Bphemeris  and  Nautical 
Almanac  has  recently  been  enlarged  by  more  than  fifty  per  cent., 
and  that  for  the  Astronomical  Papers  has  been  more  than  doubled. 
The  former  publication  is  sent  to  libraries,  though  not  as  a  rule  to 
individuals,  while  the  Astronomical  Papers  are  widely  distributed 
to  scientific  men  and  institutions  throughout  the  world. 

A  considerable  number  of  sets  of  the  Astronom,ical  Papers,  eight 
quarto  volumes,  bound  in  cloth,  are  now  available  for  free  distri- 
bution, as  also  are  a  number  of  volumes  and  parts  of  volumes  for 
the  completion  of  sets,  carriage  free  within  the  limits  of  the  United 
States.  There  are  also  several  hundred  copies  bound  in  cloth  of  an 
interesting  and  valuable  book  on  Astronomical  Constants,  a  supple- 
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ment  to  the  American  Ephemeris  for  1897,  which  will  be  mailed  free 
to  those  who  apply  for  it. 

The  publications  of  the  Nautical  Almanac  Office  are  no  longer 
sold  by  the  office.  On  October  i,  1906,  the  sale  of  these  publica- 
tions was  transferred  to  the  Superintendent  of  Documents,  Govern- 
ment Printing  Office,  Washington,  D.  C. 

ON  AN  INFINITE  UNIVERSE. 

BY  G.   W.   HOUGH. 

This  paper  contains  an  examination  of  the  various  arguments  for 
and  against  the  doctrine  of  an  infinite  universe,  and  particularly  of 
Chesaux's  assertion  that  the  light  of  an  infinite  number  of  shining 
bodies  would  cause  the  heavens  to  appear  everywhere  equally  illum- 
inated with  the  sun.  The  author  cites  various  authorities,  refers  to 
investigations  of  his  own,  and  in  conclusion  remarks  that  if  the 
arguments  advanced  are  the  best  that  can  be  adduced  in  proof  of  a 
finite  universe,  the  theory  rests  on  a  very  weak  foundation. 

THE  LUMINOSITY  OF  THE  BRIGHTER  LUCID  STARS. 

BY  georgb;  c.  comstock. 

Parallaxes  have  been  determined  for  about  three-fourths  of  all 
the  stars  brighter  than  magnitude  2.5.  These  are  here  used  to  de- 
termine the  intrinsic  brightness  of  each  such  star  and  to  derive  from 
these  a  curve  showing  the  relative  frequency  of  occurrence  of  the 
several  degrees  of  luminosity  among  the  stars  in  question.  A  theo- 
retical distribution  curve  for  these  luminosities,  derived  from  the 
hypotheses  with  regard  to  stellar  distribution  that  are  commonly 
made,  is  shown  to  be  widely  divergent  from  the  curve  above  found. 
The  cause  of  this  divergence  is  sought  in  the  hypothesis  upon  which 
the  theoretical  curve  is  based  and  it  is  shown  that  the  theoretical 
and  observed  distributions  may  be  brought  into  agreement  by  either 
of  the  following  suppositions  : 

(a)  The  intrinsically  brightest  stars  are  not  widely  distributed 
through  space,  but  manifest  a  distinct  tendency  to  cluster  about  the 
sun. 

(b)  There  is  a  sensible  absorption  of  light  in  its  transmission 
through  space,  of  such  average  amount  that  a  star  having  a  parallax 
of  a  tenth  of  a  second  appears  one  magnitude  fainter  than  it  would 
appear  in  the  absence  of  absorption. 
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PHOTOGRAPHIC  DETERMINATIONS  OF  STELLAR  PAR- 
ALLAX WITH  THE  YERKES  REFRACTOR. 

BY  FRANK  SCHL£SINGER. 

This  paper  is  an  informal  report  of  work  done  with  the  forty- 
inch  Yerkes  telescope  under  the  auspices  of  the  Carnegie  Institution, 
from  1903  to  1905.  The  methods  and  precautions  adopted  for  mak- 
ing the  photographs  and  for  measuring  and  reducing  them  were 
described  in  some  detail  and  the  results  exhibited  for  twenty-three 
stars. 

MEASUREMENT   OF   STARLIGHT   WITH   A   SELENIUM 

PHOTOMETER. 

BY  JOEL  STEBBINS. 

This  paper  presents  the  results  of  experiments  on  the  use  of  selen- 
ium in  stellar  photometry.  It  is  well  known  that  the  crystalline  form 
of  selenium  decreases  its  electrical  resistance  when  exposed  to  light. 
The  method  is  to  cast  an  extra-focal  image  of  a  star  upon  a  selenium 
surface,  and  note  the  effect  by  means  of  a  galvanometer.  Using  a 
twelve-inch  telescope,  it  has  been  possible  to  measure  first  and  sec- 
ond magnitude  stars  with  about  the  same  accuracy  that  is  obtained 
in  visual  methods.  Tests  with  brighter  artificial  lights  give  a  prot>- 
able  error  of  less  than  one  per  cent,  for  a  single  measurement. 

In  the  course  of  a  year  the  sensibility  of  the  apparatus  has  been 
increased  one  hundred  fold,  and  it  is  hoped  that  further  improve- 
ments in  the  elimination  of  disturbing  factors  will  produce  extreme- 
ly accurate  results. 


SPECTROGRAPHIC  OBSERVATIONS. 

BY  E.   B.  FROST. 

A  favorable  report  may  be  made  upon  the  result  of  re-annealing 
by  the  original  maker,  M.  Parra-Mantois,  of  Paris,  of  the  three 
large  flint  prisms  first  made  for  the  Bruce  spectrograph  and  dis- 
carded on  account  of  lack  of  homogeneity. 

The  star  46  v  Sagittarii,  which  has  been  qualitatively  studied  by 
Miss  Cannon  at  Harvard,  and  was  found  to  be  spectroscopic  binary 
by  Campbell  some  years  ago,  has  recently  been  observed,  and  a  num- 
ber of  plates  have  been  measured  by  Dr.  D.  V.  Guthrie.  He  finds 
a  range  of  velocity  from  ~\-  55  km.  to  —  25  km.     The  bright  lines 
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are  not  conspicuous  on  our  plates,  and  can  be  seen  with  certainty 
only  on  the  thirteenth  plate. 

Observations  of  the  fainter  component  of  ^  Ursae  Majoris  (Mizar) 
have  been  continued  for  several  months,  the  measures  being  made 
by  Mr.  Lee.  A  careful  study  by  the  writer  has  failed  to  bring  out 
a  regular  periodicity  in  the  radial  velocity,  and  the  indications  are 
that  more  than  two  bodies  are  involved. 

Mention  was  made  of  the  following  spectroscopic  binaries : 

<t>  Sagittarii  (18"  39™,  —  27°  6'),  of  Orion  type,  which  shows  a 
large  range  of  velocity. 

/3  Trianguli  (2'' 4", -j- 34°  31'),  Ia2,  which  was  suspected  from 
preliminary  examination  here,  and  established  by  measures  of  the 
same  plates  at  Columbia  University  by  Professor  S.  A.  Mitchell. 

55  Ursae  Majoris  (11"  14"",  +  38°  44'),  Ia2,  found  by  Mr.  Lee; 
range  thus  far:  40  km. 

I  Andromedae  (23"  t,^"^,  +  42°  43'),  of  Orion  type,  found  by  Mr. 
Barrett,  probably  of  rather  long  period. 


THE  FIGURE  OF  THE  SUN  AND  POSSIBLE  VARIATIONS 
IN  ITS  SIZE  AND  SHAPE. 

BY  CH.\S.  L.\NE  POOR. 

The  first  part  of  this  paper  contains  a  resume  of  the  more  impor- 
tant investigations  of  von  Lindenau,  Secchi,  Auwers,  Newcomb  and 
Ambronn.  In  practically  every  case  the  original  reductions  showed 
periodic  variations  in  the  diameter  of  the  sun.  Auwers  discussed  an 
immense  mass  of  meridian  circle  and  heliometer  observations  and 
reached  the  conclusion  that  the  sun  is  sensibly  a  sphere  and  that  the 
observed  variations  are  due  to  personal  and  instrumental  causes. 
This  conclusion,  however,  was  reached  only  by  attributing  variable 
personal  equations  to  the  different  observers. 

The  second  part  contains  a  retabulation  and  rediscussion  of  the 
heliometer  observations  used  by  Auwers  and  of  those  made  by  Schur 
and  Ambronn.  It  is  here  shown  that  these  observations  indicate  a 
periodic  variation  in  the  shape  of  the  sun,  the  period  being  the  same 
as  that  of  the  sun-spot  cycle.  The  observations  of  Schur  and  Am- 
bronn were  also  investigated  for  short  period  vibrations  by  means 
of  the  method  of  "Time  Correlation"  as  developed  by  Newcomb. 
These  observations  indicate  a  semi-permanent  fluctuation  in  the  shape 
of  the  sun  having  a  period  of  about  twenty-eight  days. 
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RESULTS  OF  PHOTOMETRIC  INVESTIGATIONS. 

BY  F.  H.  SEARES. 

Light  curves  were  shown  of  RS  Draconis,  VY  Cygni,  RV  Tauri, 
SU  Andromedae,  RS  Bootis,  52.1907  Ophiuchi,  and  43.1907  Dra- 
conis. All  are  interesting  and  unusual  types  of  variation.  The  last 
four  are  of  the  so-called  Antalgol  type  with  periods  ranging  from 
ten  to  sixteen  hours.  In  addition,  there  was  presented  a  simple  gen- 
eral method  of  determining  the  circular  elements  and  relative  dimen- 
sions of  a  binary  system  on  the  basis  of  the  observed  light  variation 
of  the  Algol  type.  The  arrangement  of  the  method  is  such  that  the 
light  curve  corresponding  to  the  first  approximation  for  the  ele- 
ments and  dimensions  must  be  tangent  to  the  observed  curve  at  two 
points.  Differential  formulae  can  then  be  used  for  improving  the 
agreement  of  the  calculated  and  observed  curves.  The  application 
of  the  method  to  a  considerable  number  of  cases  can  be  facilitated 
by  means  of  tables. 


THE    TEMPERATURE    GRADIENTS    OF    THE    ATMOS- 
PHERE AND  AN  ATTEMPT  TO  ACCOUNT  FOR  THE 
UPPER  INVERSION. 

BY  W.  J.   HUMPHREYS. 

During  the  past  few  years  many  sounding  balloons,  equipped  with 
registering  apparatus,  have  been  sent  up  from  different  places  and 
under  different  conditions  to  altitudes  ranging  from  twelve  to  twen- 
ty kilometers,  and  observations  have  been  secured  indicating  a  divis- 
ion of  the  explored  atmosphere  into  the  following  three  regions: 

1.  A  layer  some  three  thousand  meters  thick  next  the  surface,  in 
which  the  change  of  temperature  with  elevation  is  irregular  and 
often  locally  reversed. 

2.  A  region  of  fairly  unifonn  and  rapid  temperature  decrease 
with  elevation  extending  from  the  top  of  the  first  layer  to  the  high 
cirrus  clouds. 

3.  The  upper  inversion,  or  the  region  above  the  cirrus  clouds, 
where  the  temperature  slowly  increases  with  elevation. 

The  upper  inversion  is  due  primarily,  but  not  wholly,  to  long  wave 
radiation  from  the  earth  as  a  planet,  and  to  which  water  vapor  is  as  a 
black  body.  When  the  temperature  of  the  high  atmosphere  is  2i8°C. 
absolute,  it  can  be  shown  that  the  temperature  of  the  effective  radi- 
ating surface  is  about  260°  C.  absolute. 
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EFFECT  OF  INCREASING  THE  SLIT  WIDTH  ON  THE  AC- 
CURACY OF  RADIAE  VELOCITY  DETERMINATIONS. 

BY  J.   S.   PLASKETT. 

Experiments  at  Ottawa  have  shown  that  exposure  time  is  ahnost 
proportionally  decreased  with  increase  in  slit  width  to  about  0.075 
mm.  Six  spectra  of  p  Orionis  were  made  for  each  of  four  slit 
widths — 0.025,  0.038,  0.050,  and  0.075  mm. — at  three  different  dis- 
persions. The  accidental  errors  of  setting,  as  measured  by  the  prob- 
able errors  of  the  velocity  from  a  single  line  obtained  from  the  six 
plates  in  each  series,  are  only  slightly  increased,  scarcely  at  all  in 
the  higher  dispersion,  by  increase  in  slit  width  to  0.075  mm.  A  fur- 
ther discussion  shows  that  the  increase  of  systematic  error,  so  far  as 
it  may  be  determined  from  the  limited  number  of  plates,  is  also 
small  with  high  dispersion,  although  quite  marked  for  a  slit  0.075 
mm.  wide  with  low  dispersion.  These  somewhat  unexpected  re- 
sults show  that  for  stars  with  single  lines  the  slit  may  be  much 
widened  without  much  loss  of  accuracy  and  with  a  considerable  sav- 
ing in  exposure  time. 

THE  ALGOL  SYSTEM,  RT  PERSEI. 

BY  R.  S.  DUGAN. 

With  a  Pickering  polarizing  photometer  with  sliding  achromatic 
prisms,  a  series  of  14,048  settings  on  RT  Persei  was  completed  in 
February,  1908.  Most  of  the  observations  were  made  without  a 
recorder.  The  period  is  obtained  from  nineteen  more  or  less  thor- 
oughly observed  minima.^ 

The  mean  curve  shows  a  primary  minimum  of  1.33  magnitudes' 
range  and  a  secondary  of  0.16,  each  lasting  about  four  and  one- 
quarter  hours.  The  curve  between  minima  is  not  a  straight  line. 
After  recovering  from  primary  minimum  the  curve  rises  steadily 
until  it  reaches  the  point  midway  between  the  minima,  and  from 
that  point  decreases  very  little  until  the  secondary  minimum  begins. 

The  residuals  show  a  constant  correction  for  the  night,  depending 
on  the  average  hour  angle  at  which  the  observations  were  made. 

The  eccentricity  and  inclination  are  small,  the  two  stars  are  nearly 
of  the  same  size,  one  has  six  times  the  intrinsic  luminosity  of  the 
other,  and  the  radius  of  the  orbit  is  three  times  the  radius  of  the 
stars. 
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OBSERVATIONS  OF  THE  TOTAL  SOLAR  ECLIPSE  OF 
JANUARY  3,  1908. 

BY  W.  W.  CAMPBEI^I,. 

The  paper  summarized  the  more  interesting  results  of  the  work  of 
the  Crocker  Expeditions  of  the  Lick  Observatory,  with  lantern  slide 
illustrations  copied  from  the  original  negatives. 

The  corona  was  remarkable  for  the  great  number  of  long,  straight 
and  slender  streamers  extending  in  all  directions.  There  was  a 
conspicuous  conical  pencil  of  radiating  streamers,  near  position  an- 
gle 75°,  whose  vertex,  if  on  the  sun's  surface,  would  lie  within  the 
largest  sun-spot  group  visible  on  January  3. 

By  far  the  greater  part  of  the  coronal  light  came  from  the  areas 
lying  within  two  inches  of  the  sun's  edge. 

Polarigraphic  negatives  showed  the  existence  of  strong  polariza- 
tion in  the  coronal  light,  even  up  to  the  very  edge  of  the  sun. 

A  spectrogram  with  continuously  moving  plate  recorded  the 
changing  spectrum  of  the  sun's  edge  as  the  edge  was  gradually  un- 
covered by  the  moon. 

The  spectrum  of  the  corona  was  essentially  free  from  absorption 
lines.  Several  new  coronal  bright  lines  were  discovered.  The  max- 
imum of  continuous  spectrum  of  the  corona  was  displaced  toward 
the  red  from  that  of  the  solar  spectrum,  indicating  a  lower  tem- 
perature in  the  corona  than  in  the  photosphere.  The  plates  for  the 
intra-mercurial  planet  search  recorded  more  than  three  hundred  stars, 
including  some  of  the  ninth  magnitude.  All  were  identified  as  well- 
known  stars.  It  is  felt  that  the  Lick  Observatory  observations  of 
1901,  1905,  and  1908  bring  definitely  to  a  conclusion  the  observa- 
tional side  of  this  problem,  famous  for  half  a  century.  It  is  not 
contended  that  no  planets  exist  in  the  intramercurial  region,  but  it 
is  believed  the  undiscovered  planets  do  not  exist  in  sufficient  num- 
bers to  provide  the  mass  necessary  to  explain  the  anomalies  in  the 
motion  of  Mercury  and  the  other  minor  planets. 

VALUE  OF  THE  SOLAR  PARALLAX  FROM  PHOTO- 
GRAPHS OF  EROS  TAKEN  IN  1900  WITH  THE 
CROSSLEY  REFLECTOR. 

BY  C.  D.  PERRINE. 

The  following  determination  of  the  value  of  the  solar  parallax 
is  based  on  823  images  of  Eros  and  the  images  of  the  surrounding 
groups  of  stars  contained  on  281  photographs.  These  photographs 
were  secured  on  eighteen  nights  from  October  6  to  December  24 
inclusive. 
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The  value  of  the  solar  parallax  obtained  is 
8". 8054  ±  o".oo25. 

The  measurements  and  reductions  were  made  under  a  grant  from 
the  Carnegie  Institution  by  Mrs.  Moore  and  Miss  Hobe. 

The  general  results  will  be  published  in  a  Lick  Observatory  Bul- 
letin, and  a  full  account  of  the  work  by  the  Carnegie  Institution. 


The  following  additional  papers  were  also  presented  at  this  meet- 
ing: 

By  W.  T.  Carrigan  :  An  investigation  of  the  terms  in  the  mean 
longitudes  of  Mars  and  the  Earth,  which  have  the  argument, 
3/  — 8  1/ +  4£". 

By  Mrs.  Fleming:    A  proposed  sixth  type  of  stellar  spectra. 


TENTH  MEETING 

The  tenth  annual  meeting  of  the  Astronomical  and  Astrophysical 
Society  of  America  was  held  at  the  Yerkes  Observatory,  Williams 
Bay,  Wisconsin,  on  Wednesday,  Thursday,  Friday  and  Saturday, 
August  18-21,  1909.  Six  general  sessions  were  held  for  the  reading 
and  discussion  of  papers.  At  the  close  of  the  session  on  Thursday 
afternoon,  the  members  were  entertained  at  a  reception  given  by 
Professor  and  Mrs.  Frost.  Friday  afternoon  was  devoted  to  an 
excursion  around  Lake  Geneva  on  private  steamers  kindly  furnished 
by  the  owners,  Messrs.  Ayer,  Bartlett,  Mitchel,  and  Ryerson. 

At  the  opening  session,  after  welcoming  the  Society  to  Williams 
Bay,  President  Pickering  referred  to  the  loss  which  the  Society  had 
suffered  since  the  last  meeting  through  the  death  of  two  of  its  best- 
known  members.     Referring  to  them,  he  said,  in  part: 

"Professor  Newcomb,  president  of  our  Society  for  six  years,  al- 
ways took  the  greatest  interest  in  its  growth  and  welfare.  It  rarely 
happens  that  a  man  is  really  distinguished  in  more  than  one  de- 
partment of  science.  We  all  know  his' preeminence  in  astronomy. 
He  used  to  say,  'I  am  not  a  mathematician,'  yet  the  Mathematical 
Society  in  the  strongest  terms  proclaimed  him  their  most  eminent 
member. 

"Our  attitude  should  not  be  that  of  grief  at  his  loss,  but  rather 
rejoicing  that  he  enjoyed  many  years  of  usefulness  after  the  age 
when  most  men's  work  is  done ;  he  lived  to  see  the  great  works  he 
had  undertaken  completed,  and  he  is  now  saved  the  suffering  which 
at  the  end  rendered  life  a  burden  to  him." 

"Professor  Hough's  activity  in  science  extended  over  many  years. 
We  remember,  even  at  our  last  meeting,  his  interest  in  our  work 
and  plans.  His  observations  with  the  Evanston  telescope,  at  one  time 
the  largest  in  the  world,  were  maintained  for  nearly  thirty  years." 

President  Pickering  then  discussed  the  present  needs  of  astron- 
omy and  expressed  the  hope  that  the  Society  might  take  an  active 
part  in  supplying  them.  One  of  the  greatest  needs  is  a  number  of 
small  grants,  not  exceeding  a  thousand  dollars  each,  which  could 
be  used  with  the  sole  object  of  securing  the  greatest  scientific  re- 
turn. If  made  to  the  larger  observatories,  careful  organization  and 
system  would  permit  a  large  amount  of  routine  work  to  be  secured. 
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If  made  to  a  small  observatory,  or  to  an  amateur,  the  skill  and  ex- 
perience of  an  expert  in  his  own  specialty  might  be  secured,  with 
results  far  beyond  those  which  might  be  obtained  by  another  astron- 
omer, however  skillful  in  other  lines  of  work.  The  only  way  to 
supply  such  needs  is  to  make  them  known.  President  Pickering 
invited  the  members  of  the  Society  to  send  him  examples  of  such 
researches.  For  instance ;  Professor  Bailey  is  now  studying  the 
climate  of  South  Africa,  perhaps  the  best  in  the  world  for  an  astron- 
omical observatory,  and  will  return  shortly.  He  is  making  visual 
and  photometric  observations  with  a  ten-inch  telescope,  and  photo- 
graphing the  Milky  Way  with  a  Cook  anastigmat,  using  long  ex- 
posures. A  grant  of  one  thousand  dollars  would  permit  this  work 
to  be  continued  another  year  by  his  assistant,  thus  doubling  the  re- 
sults obtained,  with  a  small  additional  expense. 

At  the  preceding  meeting  at  Put-in-Bay,  two  committees  had 
been  appointed,  one  on  Luminous  Meteors,  consisting  of  Professors 
Cleveland  Abbe,  W.  L.  Elkin,  and  H.  A.  Peck ;  the  other  on  Comets, 
consisting  of  Professors  George  C.  Comstock,  Edward  E.  Barnard, 
Edward  C.  Pickering,  and  Charles  D.  Perrine. 

The  committee  on  Meteors  presented  a  detailed  report  at  Williams 
Bay,  written  by  its  chairman,  Professor  Cleveland  Abbe,  giving  a 
resume  of  what  had  previously  been  done  toward  securing  photo- 
graphs of  meteor  trails.  The  various  methods  and  instruments  that 
have  been  employed  or  proposed  were  critically  examined  from  the 
point  of  view  of  the  astronomer  as  well  as  from  that  of  the  meteor- 
ologist. The  report  strongly  urged  the  establishment  of  a  network 
of  photographic  stations  about  one  hundred  miles  apart  for  the  pur- 
pose of  obtaining  a  tolerably  complete  record  of  all  the  meteors 
appearing  within  the  network.  Automatic  instruments  of  as  simple 
and  inexpensive  a  type  as  practicable  were  recommended. 

The  committee  on  Comets  reported  orally  through  its  chairman, 
Professor  Comstock.  Its  attention  had  been  given  mainly  to  the  ap- 
proaching return  of  Halley's  comet.  In  order  that  this  comet  may 
be  adequately  observed  it  will  be  necessary,  on  account  of  its  close 
approach  to  the  sun  at  the  time  of  maximum  brilliancy,  to  have  sta- 
tions widely  distributed  in  longitude.  To  secure  such  stations  cor- 
respondence has  been  had  with  observatories  in  the  eastern  hemi- 
sphere. The  Pacific  Ocean  presents  a  wide  gap  in  which  no  avail- 
able station  exists  and  the  committee  has  assumed  the  task  of  secur- 
ing funds  for  the  establishment  of  a  temporary  station,  presumably 
in  the  Hawaiian  Islands.  Such  funds  are  now  assured  in  case  the 
circumstances  of  the  comet's  return  render  it  desirable  to  send  out 
a  party.     The  appearances  that  the  comet  will  present  depend  so 


31 6  ASTRONOMICAL  AND  ASTROPHYSICAL 

much  upon  the  exact  date  of  its  return  to  perihelion  that  no  definite 
program  of  observation  can  be  framed  before  the  rediscovery  of  the 
comet.  It  appears,  however,  advisable  to  separate  the  observing 
program  into  three  classes  of  observations,  viz.,  photographic,  pho- 
tometric and  spectrographic,  and  the  preparation  of  a  detailed  pro- 
gram of  these  divisions  has  been  entrusted,  respectively,  to  Profes- 
sors Barnard,  Pickering  and  Frost. 

The  proposal  to  change  the  name  of  the  Society  to  the  American 
Astronomical  Society  was  discussed  at  length  on  Saturday  morning. 
It  was  the  opinion  of  many  of  those  present  that  the  shorter  name 
has  many  advantages,  but  fear  was  expressed  that  should  the  word 
"Astrophysical"  be  omitted  from  the  name,  the  tendency  would  be 
to  deprive  the  Society  of  that  support  which  it  now  receives  from 
those  who  are  engaged,  not  in  observatory  work,  but  in  allied  inves- 
tigations in  various  physical  laboratories.  On  this  account  the  mo- 
tion to  change  the  name  was  lost. 

During  the  meeting  an  informal  discussion  took  place  concerning 
the  advisability  of  passing  a  resolution  designed  to  counteract  such 
impressions  as  might  have  been  created  by  recent  newspaper  state- 
ments respecting  the  possibility  of  establishing  communication  with 
other  planets,  particularly  with  Mars.  The  members  present  were 
unanimous  in  believing  that  such  attempts  would  be  useless  and 
deprecated  the  use  of  any  funds  for  such  purpose,  but  were  not  in- 
clined to  dignify  by  formal  action  the  absurd  accounts  which  had 
recently  appeared  in  the  papers.  The  Society  finally  referred  the 
matter  to  a  committee,  consisting  of  Messrs.  Edward  C.  Pickering, 
George  C.  Comstock,  and  Edwin  B.  Frost,  with  authority  to  make 
such  statement  to  the  Associated  Press  as  seemed  to  them  best.  The 
statement  issued  by  the  Committee  was  as  follows : 

"As  the  public  through  the  misrepresentation  of  the  views  of  cer- 
tain astronomers  has  formed  the  impression  that  communication 
Avith  other  planets  is  at  present  possible,  the  Astronomical  and  As- 
trophysical Society  of  America  desires  to  express  its  belief  that  all 
such  proposals  fall  outside  the  range  of  sober  contemporary  science." 

At  the  final  session  on  Saturday  morning,  oflScers  were  elected  as 
follows : 

President Edward   C.    Pickering 

First  Vice-President George  C.  Comstock 

Second  Vice-President W.  \V.  Campbell 

Treasurer C.  L.  Doolittle 

^         .,         ,      ^  j  W.  S.  Eichelberger 

Councilors  for  two  vears ■(  ^,    .     „   t^      ^ 

(         Edw-m  B.  rrost 
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Dr.  Frank  Schlesinger  was  elected  Editor  for  the  meeting. 
The  last  formal  action  to  be  taken  by  the  Society  before  its  ad- 
journment was  the  unanimous  adoption  of  the  following 


RESOLUTION. 

"The  Astronomical  and  Astrophysical  Society  of  America,  assem- 
bled at  its  tenth  annual  session,  records  its  great  regret  at  the  death 
of  its  first  president,  Professor  Simon  Newcomb.  Deeply  interested 
in  the  cooperation  and  mutual  influence  of  scientific  men.  Professor 
Newcomb  was  conspicuous  in  the  organization  and  early  progress 
of  the  Society,  and  was  a  dominant  factor  in  determining  its  relation 
to  contemporary  astronomy.  His  enthusiasm  for  the  science  and 
his  wide  knowledge  of  its  many  branches  made  his  presence  and 
participation  in  the  meetings  of  the  Society  a  perennial  inspiration 
to  its  members. 

"Professor  Newcomb's  own  achievements  in  exact  and  theoretical 
astronomy  have  already  become  classics  in  the  history  of  the  subject, 
and  will  constitute  his  permanent  memorial.  The  record  of  a  long 
and  active  scientific  career  is  closed  with  the  fulfilment  of  many  of 
his  most  cherished  ideas,  and  we  deeply  regret  that  he  was  not 
longer  spared  for  the  further  development  of  those  subjects  to  which 
he  had  largely  contributed. 

"The  Society  records  its  profound  respect  for  the  departed  mem- 
ber and  directs  its  secretary  to  transmit  a  copy  of  these  resolutions 
to  his  bereaved  family." 


.     ABSTRACTS  OF  PAPERS 

SOAIE   RESULTS   WITH   A    SELENIUM    PHOTOMETER. 

BY   JOEI.   STEBBINS. 

This  paper  is  a  report  of  progress  in  the  method  of  using  selenium 
for  the  electrical  measurement  of  starlight.  It  has  been  found  that 
the  best  results  are  obtained  by  keeping  the  selenium  at  a  constant 
low  temperature  in  an  ice  pack.  During  the  past  summer,  the  ac- 
curacy of  the  method  has  been  so  increased  that  it  is  now  possible 
to  measure  first-magnitude  stars  with  a  probable  frror  of  less  than 
one  one-hundredth  of  a  magnitude. 
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PRECAUTIONS  NECESSARY  IN  PHOTOGRAPHIC 
PHOTOMETRY. 

BY  J.  A.  PARKHURST. 

The  results  of  experiments  with  stellar  and  laboratory  plates,  both 
focal  and  extra-focal,  were  shown  bj'  curves  thrown  on  the  screen ; 
and  the  possible  errors  in  stellar  magnitude  arising  from  each  source 
were  indicated,  (i)  Comparison  of  developers,  gradation  very  dif- 
ferent. (2)  Time  of  development,  possible  error  exceeding  one 
magnitude.  (3)  Temperature  of  development,  error  nearly  one 
magnitude  for  range  of  ten  degrees  Fahrenheit.  (4)  Effect  of  sky 
fog,  possible  error  of  half  a  magnitude  for  fog  of  0.03  of  a  density 
unit.  (5)  Temperature  of  exposure,  difference  of  o.i  magnitude  for 
plates  at  +17°  and  — 2°  C.  (6)  Reduction  formulje  for  disk 
diameters  of  focal  images.  Error  of  half  a  magnitude  possible  if 
logarithm  of  diameter  is  used  in  the  formula  instead  of  square  root 
of  diameter.  (7)  Atmospheric  absorption.  Difference  of  0.17  mag- 
nitude between  the  visual  and  photographic  absorption  at  60°  zenith 
distance.  (8)  Curvature  of  commercial  plates.  Error  negligilMe 
for  focal  images  but  might  amount  to  half  a  magnitude  for  extra- 
focal  images.  (9)  Corrections  for  distance  from  axis  for  plates 
taken  seven  millimeters  from  the  focus  of  the  Zeiss  doublet,  amounts 
to  0.33  magnitude  at  three  degrees  from  the  axis.  (10)  Correction 
for  distance  from  axis  of  focal  plates  might  differ  by  0.8  magnitude 
between  summer  and  winter  temperatures.  (11)  Correction  for 
color  of  stars  of  solar  type  is  one  magnitude. 

STANDARD  PHOTOGRAPHIC  MAGNITUDES. 

BY  HENBIETTA  S.   LEAVITT. 

Observations  for  the  purpose  of  determining  the  absolute  photo- 
graphic magnitudes  of  a  sequence  of  forty-seven  stars  near  the 
North  Pole  have  recently  been  in  progress,  as  described  in  Plarvard 
College  Observatory  Circular  150.  Sequences  of  forty  stars  in  the 
Pleiades  and  twenty-six  stars  in  Praesepe  have  also  been  measured, 
and  the  results  compared  with  those  obtained  for  the  polar  stars. 

About  one  hundred  and  fifty  plates  were  used,  taken  with  eight 
telescopes.  Several  methods  were  employed  for  determining  abso- 
lute magnitudes,  independent  of  the  visual  scale,  but  all  may  be 
grouped  in  the  three  following  classes : 

I.     Photographs  were  taken,  diminishing  the  light  by  means  of 
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screens,  or  by  reducing  the  aperture  of  the  telescope,  and  superpos- 
ing a  second  exposure  of  the  same  length  with  full  light.  A  similar 
effect  was  obtained  by  attaching  an  auxiliary  prism  of  very  small 
angle  to  the  object  glass ;  this  deflected  a  part  of  the  light,  forming 
secondary  images  of  the  brighter  stars. 

2.  The  light  was  divided  by  interposing  two  thin  plates  of  Ice- 
land spar.  The  positions  of  the  four  images  of  each  star  furnished 
the  means  of  determining  the  relative  amount  of  light  in  each  image. 

3.  Photographs  were  taken,  having  several  exposures  on  the 
Pole  Star,  and  on  the  star  to  be  observed,  the  images  being  out 
of  focus  by  varying  amounts. 

The  results  obtained  by  these  radically  dift"erent  methods  are 
accordant  with  each  other  in  the  great  majority  of  cases.  They 
also  agree  closely  with  the  Harvard  photometric  scale  as  far  as  the 
magnitude  13.2,  after  allowing  for  difference  of  color.  We  ap- 
parently have  a  satisfactory  working  basis  for  determining  the  mag- 
nitudes of  stars  in  all  parts  of  the  sky,  on  an  approximately  correct 
scale. 

In  the  discussion  that  followed  I^Ir.  Stebbins'  and  Miss  Leavitt's 
papers,  Messrs.  Parkhurst  and  Humphreys  called  attention  to  the 
large  error  which  might  sometimes  be  incurred  by  assuming  that 
the  absorption  of  our  atmosphere  is  the  same  in  different  azimuths. 
Professor  Pickering  remarked  that  it  was  the  practice  to  guard 
against  this  source  of  error  at  Harvard  by  establishing  an  arbi- 
trary limit  for  the  residuals  obtained  with  the  meridian  photometer 
and  similar  instruments,  and  rejecting  all  observations  in  vi'hich 
this  limit  was  exceeded. 


A  VARIABLE  STAR  WHOSE  LIGHT  CURVE  RESEMBLES 
THAT  OF  R  CORONA  BOREALIS. 

BY   ANNIE   J.    CANNON. 

This  star,  like  R  Coronje  Borealis  and  RY  Sagittarii,  has  long 
periods  of  normal  brightness  followed  by  sudden  fluctuations  of 
large  range  at  irregular  intervals.  Its  position  for  1900  is  R.  A., 
5''43"  12^;  Decl,  +  19°  02'.o.  It  follows  the  Durchmusterung  star 
+  19°  1081  about  s''  and  is  south  o'.2. 
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THE  PIVOTvS  OF  THE  NINE-INCH  TRANSIT  CIRCLE  OF 
THE  U.  S.  NAVAL  OBSERVATORY. 

BY  F.  B.  LITTELL. 

This  paper,  which  was  read  by  Professor  Eichelberger  in  the 
author's  absence,  gave  the  results  of  several  determinations  of  these 
errors.  The  investigation  is  valuable  not  only  for  its  application  to 
the  work  with  this  instrument,  but  is  of  general  interest  on  account 
of  the  experience  with  various  methods  for  determining  inequali- 
ties of  pivots. 

THE  ALGOL  SYSTEM,  Z  DRACONIS. 

BY  R.  S.  DUGAN. 

The  material  for  this  paper  consists  in  18,384  settings  made  with 
the  Pickering  sliding  prism  polarizing  photometer,  attached  to  the 
23-inch  equatorial.  Considerably  more  than  half  the  settings  were 
read  and  recorded  by  an  assistant.  Eleven  minima  were  observed 
in  whole  or  in  part.  These  minima,  together  with  those  observed 
and  published  in  detail  by  Graff,  gave  a  graphical  determination  of 
new  elements.  The  star  at  its  faintest  phase  was  seldom  more  than 
just  visible.  Under  these  conditions  there  was  no  evidence  of 
variability  in  the  depth  of  minimum.  The  mean  curve  shows  a 
nearly  symmetrical  primary  minimum  consisting  in  a  drop  of  2.55 
magnitudes,  and  also  a  secondary  minimum  of  0.065  magnitudes. 
Each  lasts  about  six  hours.  After  recovering  from  primary  mini- 
mum, the  curve  keeps  on  rising  slowly  for  some  time,  and  the  be- 
ginning and  ending  of  secondary  minimum  are  at  a  higher  level 
than  those  of  primary  minimum.  This  would  indicate  ellipticity 
and  reflection.  The  average  surface  intensity  of  one  star  is  18 
times  that  of  the  other,  and  the  radius  of  the  fainter  lies  between 
0.98  and  1.86  times  that  of  the  brighter.  The  radius  of  the  orbit 
is  from  3.5  to  5  times  the  radius  of  the  brighter  star. 

THE  PROBLEM  OF  THREE  BODIES  FROM  THE  STAND- 
POINT OF  SPECTROSCOPY. 

BY  KURT  LAVES. 

With  the  present  accuracy  in  the  determination  of  velocities  in 
the  line  of  sight  the  problem  of  three  bodies  begins  to  assume  im- 
portance in  this  department  of  astronomy.  The  paper  dealt  with 
that  phase  of  the  subject  that  is  analogous  to  the  lunar  problem. 
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The  perturbation  by  the  "sun"  is  broken  up  into  three  components, 
P,  T,  S,  along  the  radius  vector,  perpendicular  to  it  and  perpendicu- 
lar to  the  plane  of  the  orbit,  respectively.  Calling  ;;'  the  velocity  in 
the  line  of  sight  of  the  disturbed  body,  we  have 

ds'/dt  =  —  P  sin  e  +  T  cos  e 

in  which  0  is  the  longitude  from  the  ascending  node.  P  and  T 
may  be  expressed  as  functions  of  6  and  when  t  is  also  expressed  in 
terms  of  the  same  quantity  we  obtain  an  equation  of  the  form  z'  = 
P  (6).  A  comparison  with  the  observed  velocity  curve  leads  to  a 
determination  of  the  inequalities  involved.  The  approximation  has 
been  carried  as  far  as  the  second  power  of  the  parameter  involved. 


THE  DETERMINATION  OF  THE  MOON'S  THEORETICAL 
SPECTROSCOPIC  VELOCITY. 

BY  KURT  LAVES. 

It  was  shown  that  the  four  quantities  Fj,  V„,  V,,  V^,  in  Campbell's 
notation,  can  be  calculated  by  means  of  tables  computed  on  the  basis 
of  the  elliptic  polar  coordinates  of  the  earth  and  the  moon. 

Vz=K  .e  .sine  (i) 

will  give  both  V^  and  V„.  V^  can  not  exceed  0.50  km.  per  second, 
and  V^  is  always  less  than  0.04  km.  As  the  diurnal  change  in  V-^ 
and  Fo  is  at  most  0.012  km.  we  may  use  approximate  values  of  the 
longitudes  of  the  sun  and  the  moon. 

Fa  +  F4  =  l'\  cos  £  +  A'.  ( I  +  f:  cos  e^)  sin  H  cos  ;3, ;  (2) 

this  formula  is  easily  proved  with  the  aid  of  the  hodographic  circle. 
The  index  2  refers  to  the  moon.  For  -RT,  (i  4-  (?,  cos  60)  tables  may 
be  constructed  with  the  argument  6^,  the  true  anomaly  of  the  moon. 
The  angle  B,  which  is  nearly  the  difference  between  the  longitudes 
of  the  sun  and  the  moon,  is  computed  thus : 

tznpz^=  tan  Aj  cosec  (Xj  —  X)  and  sin  E  =;  sin  ft  cosec /'2.  (3) 

Tables  based  on  (3)  are  being  computed  for  various  values  of  /80. 
They  will  be  applicable  to  the  planets  as  well.  As  the  Nauticd 
Almanac  is  planning  to  discontinue  the  computation  of  E  the  tables 
here  described  should  be  of  considerable  value  to  the  astrophysicist. 
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THE  EFFECT  OF  FAULTY  COLLIMATION  OF  THE  COR- 
RECTING LENS  ON  THE  STAR  IMAGE. 

BY  J.  S.  PLASKETT. 

The  field  of  the  correcting  lens  used  with  visual  objectives  for 
photographing  star  spectra  is  very  limited.  A  slight  displacement 
from  the  axis  disperses  the  star  image,  causes  a  perceptible  difference, 
transversely,  in  the  position  of  the  images  due  to  light  of  different 
wave-lengths.  It  was  shown  that  even  the  flexure  of  the  telescope  is 
sufficient  to  produce  this  effect.  The  importance  of  correct  adjust- 
ment and  of  compensating  for  flexure  in  the  effect  on  exposure 
time  and  on  the  accuracy  of  radial  velocity  measurements  was 
pointed  out. 

THE  WIDTH  OF  SLIT  GIVING  MAXIMUM  ACCURACY. 

BY  J.   S.   PLASKETT. 

This  paper  was  a  continuation  and  conclusion  of  one  with  a  similar 
title  presented  at  the  last  meeting.  It  gave  results  for  other  instru- 
ments of  the  relative  errors  of  measurement  of  early  type  spectra 
at  various  slit  widths.  It  was  shown  that  more  accordant  and 
accurate  values  are  obtained  at  a  width  of  about  0.05  mm.  than  at 
either  narrower  or  wider  slits.  Consequently  considerable  saving 
of  exposure  time  over  that  usually  given  is  possible.  The  bearing 
of  these  results  on  the  proportions  of  the  optical  parts  in  spectro- 
graphs was  also  discussed. 


THE  PHOTOGRAPHIC  DOUBLET  OF  THE   DOMINION 
OBSERVATORY. 

BY   R.    M.    MOTHERWELL. 

The  images  produced  by  the  Brashear  eight-inch  doublet  were  sur- 
rounded by  a  halo  and  a  series  of  tests  by  the  Hartmann  method 
showed  this  to  be  due  to  spherical  aberration.  On  the  lens  being 
refigured,  by  the  kindness  of  the  Brashear  Company,  the  halo  dis- 
appeared and  it  now  gives  small  and  sharply  defined  images  with  a 
widely  extended  field.  Diagrams  were  shown  of  the  aberration  at 
the  normal  separation  of  the  front  elements,  at  increased  separations, 
as  well  as  after  refiguring. 
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ON  THE  PHOTOGRAPHS  OF  COMET  c  1908 
(MOREHOUSE). 

BY   E.    E.    BARNARD. 

About  350  photographs  of  this  comet  were  obtained  with  the  three 
lenses  of  the  Bruce  telescope  of  the  Yerkes  Observatory.  These 
pictures  cover  essentially  all  the  more  remarkable  phenomena  of 
the  comet  during  its  visibility  in  these  latitudes,  including  the  extra- 
ordinary outbursts  or  changes  that  occurred  on  September  30  and 
October  15,  1908.  The  last  photograph  was  obtained  here  on  Decem- 
ber 13,  1908,  when  the  comet  was  close  to  the  horizon.  The  photo- 
graph of  December  1 1  was  one  of  the  most  remarkable  of  the  entire 
set.  The  paper  also  deals  briefly  with  the  possible  cause  of  these 
extraordinary  changes  in  the  tail  of  the  comet. 


ON    SOME    EXPERIMENTS    IN    PHOTOGRAPHING    EN- 
LARGED IMAGES  OF  THE  PLANETS,  DIRECT 
WITH  THE  FORTY-INCH  TELESCOPE. 

BY   E.    E.    BARNARD. 

Experiments  have  recently  been  made,  with  improved  facilities, 
in  photographing  directly  enlarged  images  of  the  planets  with  the 
40-inch  telescope.  Some  of  the  photographs  of  Jupiter  which  show 
the  belts  well,  stand  a  subsequent  enlargement  of  upwards  of  two 
or  three  inches.  Better  results  are  hoped  for  by  the  use  of  a  new 
screen  by  Mr.  Wallace.  The  results  so  far  show  that  it  is  now 
mainly  a  matter  of  favorable  definition  to  secure  valuable  photo- 
graphs. 


ON  THE  PROPER  MOTION  OF  SOME  OF  THE  SMALL 
STARS  IN  THE  DENSE  CLUSTER  M  92  HERCULIS. 

BY  E.   E.  BARNARD. 

The  visual  and  photographic  measures  of  the  great  star  clusters 
show  that  but  little  motion  exists  in  any  of  the  small  stars  compos- 
ing them.  In  M  92  Herculis  motion  is  shown  in  several  of  the 
smaller  stars,  amounting  in  two  cases  to  as  much  as  5"  a  century. 
These  two  stars  are  of  magnitude  13.3  and  14.  Motion  also  seems 
certain  in  at  least  three  other  stars  of  between  magnitude  14  and  15. 
The  next  fifty  years  ought  to  give  us  some  idea  of  the  relative  motion 
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of  many  of  the  stars  in  this  cluster.  These  motions  have  been 
brought  to  light,  in  this  cluster,  perhaps  because  a  closer  investiga- 
tion has  been  made  for  that  purpose  than  in  the  case  of  other 
clusters. 


LACK  OF   SPECTROSCOPIC  EVIDENCE  OF  A  DISPER- 
SION OF  LIGHT  IN  SPACE. 

BY  EDWIN   B.   FROST. 

Examination  of  plates  of  spectroscopic  binaries,  taken  with  the 
Bruce  spectrograph  of  the  Yerkes  Observatory,  does  not  give  evi- 
dence of  a  difference  of  radial  velocity  for  different  wave-lengths. 
The  star  ^  Cephei,  having  a  period  of  4*"  34",  would  appear  especially 
suitable  in  this  connection.  A  large  range  of  wave-lengths  is  ob- 
tained for  this  star  only  on  one-prism  plates,  and  on  these  any  such 
effect  would  probably  be  masked  by  the  accidental  errors  of  meas- 
urement. Statistics  were  read  for  the  star  fx.  Orionis,  which  has  a 
short  period,  0.77  day.  The  spectrum  has  sharp  lines,  and  many 
plates  have  been  obtained  with  three  prisms.  These  show  no  system- 
atic difference  of  velocity  at  different  wave-lengths.  Mention  was 
made  of  work  successfully  commenced  with  one  prism  in  the  red 
end  of  the  spectrum.  While  intended  for  a  different  purpose,  these 
plates  would  be  available  also  for  a  wider  range  of  wave-length  in 
this  connection. 


VERTICAL  TEMPERATURE  GRADIENTS  IN  THE  ATMOS- 
PHERE AS  DETERMINED  BY  SEASON  AND  BY 
TYPES  OF  WEATHER. 

BY    W.    J.    HUMPHREYS. 

A  large  number  of  sounding-balloon  records  were  grouped  accord- 
ing to  season  and  height  of  the  barometer.  The  results  show  that 
while  the  difference  between  summer  and  winter  temperatures  is 
most  pronounced  at  the  surface  of  the  earth,  it  is  still  decided — 
about  half  as  great — at  the  highest  elevations  thus  far  reached, 
and  that  this  difference  remains  essentially  constant  above  an  eleva- 
tion of  about  ten  kilometers,  or  in  the  isothermal  region.  The 
seasonal  effect  therefore  extends  presumably  through  the  entire 
atmosphere.  On  grouping  into  separate  curves  the  summer  gradients 
obtained  during  high  and  low  barometric  conditions,  it  is  seen  that 
the  high  barometer,  or  clear  weather  conditions,  insure  higher  tem- 


SOCIETY  OP  AMERICA  325 

peratures  than  does  the  low  barometer  at  the  surface  of  the  earth 
and  up  to  near  the  isothermal  region  where  the  conditions  are  just 
the  reverse;  that  is,  colder  in  clear  than  in  cloudy  weather.  Baro- 
meter changes  have  the  same  effect  on  the  temperature  gradients 
both  in  winter  and  summer,  except  at  the  surface  of  the  earth.  Here 
the  temperature  is  the  lowest  in  winter  during  clear  weather,  or  high 
barometer,  and  the  highest  under  the  same  conditions  during  summer. 
The  low  barometer  gives  exactly  opposite  results.  All  these  phe- 
nomena can  be  explained  as  the  results  of  radiation  and  absorption, 
especially  as  modified  by  condensation  and  varying  amounts  of  water 
vapor  in  the  atmosphere. 


A  PROPOSED  METHOD  OF  STUDYING  SOLAR  RADIA- 
TION AT  GREAT  ALTITUDES. 

BY    W.    J.    HUMPHREYS. 

The  fact  that  the  solar  spectrum  is  limited  to  wave-lengths  greater 
than  2,900  Angstrom  units,  makes  it  desirable  to  determine  whether 
this  limitation  is  due  to  atmospheric  or  to  solar  absorption.  High 
mountain  observations  have  not  definitely  settled  the  question  and 
therefore  observations  at  much  greater  elevations  would  be  desirable. 
It  is  proposed  to  send  small  automatic  spectrographs  to  great  alti- 
tudes with  sounding  balloons.  A  suitable  spectrograph  for  thii 
purpose  was  described  with  a  method  for  securing  proper  illumina- 
tion of  the  slit  and  exposure  at  any  predetermined  altitude. 


PLANETARY  iMAGNETISM  OF  THE  SUN. 

BY    W.    J.    HUMPHREYS. 

Assuming  an  ionization  and  electric  separation  in  the  sun's  at- 
mosphere sufficient  to  account  for  the  magnetic  condition  that  Hale 
has  found  in  the  spots,  and  assuming  unit  magnetic  permeability, 
or  that  which  obtains  for  all  known  substances  at  high  temperatures, 
it  is  easy  to  compute  the  magnetic  field  of  the  rotating  sun  as  a 
whole.  This  would  be  sufficient  to  produce  a  magnetic  separation, 
in  the  case  of  the  more  sensitive  lines  of  only  about  one  one-thou- 
sandth of  an  Angstrom  unit,  an  amount  too  small  for  certain  detec- 
tion. An  absence  of  measurable  polar  effects  must  therefore  not 
be  taken  to  be  in  conflict  with  the  cyclonic  theory  of  the  origin  of 
magnetism  in  the  spots. 
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NEW  PLANS  FOR  TABULATING  THE  MOON'S 
LONGITUDE. 

BY  E.  W.  BROWN. 

These  plans  having  already  been  put  into  more  or  le"ss  definite 
shape,  the  paper  contained  an  account  of  those  parts  of  them  which 
presented  unusual  features.  The  main  difficulty  consists  in  tabu- 
lating the  very  numerous  small  terms  chiefly  due  to  planetary  action. 
The  great  majority  of  these  can  by  special  devices  be  put  into  tables. 
It  is  hoped  that  a  machine  which  has  just  passed  through  the  ex- 
perimental stage  will  enable  the  computer  to  obtain  the  sum  of 
the  other  small  terms  with  great  rapidity  for  half-daily  intervals. 
An  outline  was  given  of  the  general  principles  that  were  used  as 
guides  for  forming  tables,  the  interests  of  the  ephemeris  computer 
being  placed  before  those  of  the  single  place  computer  whenever 
they  were  at  variance.  A  detailed  account  of  the  methods  will 
be  published  within  a  few  months. 


A  PROPOSED  DESIGN  FOR  AN  OBJECTIVE  PRISM  SPEC- 
TROGRAPH FOR  THE  DETERMINATION  OF 
RADIAL  VELOCITIES. 

BY  FRANK   SCHLESINGER. 

It  is  proposed  to  employ  two  photographic  doublets  of  say  six 
inches  aperture  and  of  nearly  equal  focal  lengths.  Before  each  is 
to  be  placed  a  prism  of  the  same  aperture,  the  refracting  edge  of  the 
one  being  turned  toward  the  north  and  of  the  other  toward  the 
south.  Plate  glass  is  to  be  employed  for  the  sensitive  plates  and  one 
of  them  is  to  be  turned  with  the  glass  side  toward  the  objective. 
One  of  the  objections  to  the  use  of  an  objective  prism  in  quantitative 
work  is  the  effect  of  changes  of  temperature  upon  the  dispersion 
of  the  prisms.  It  is  proposed  to  obviate  this  difficulty  by  surrounding 
the  entire  spectrograph  with  a  temperature  case  supplied  with  an 
automatic  temperature  control,  the  light  from  the  stars  being  ad- 
mitted to  the  objective  by  means  of  two  sheets  of  plane-parallel 
glass.  The  plates  are  to  be  measured  by  superimposing  them  and 
obtaining  the  distance  between  corresponding  lines  in  the  two  spectra 
of  each  star.  These  distances  will  be  affected  by  the  radial  velocity 
and  will  therefore  enable  us  to  compute  the  latter.  After  an  investi- 
gation into  the  various  distortions  that  the  spectrograph  would  in- 
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volve,  and  of  the  sources  of  error  to  which  the  measures  would  be 
liable,  it  was  concluded  that  with  such  a  spectrograph  radial  veloci- 
ties of  faint  stars  could  be  determined  with  a  probable  error  not 
exceeding  ten  kilometers  for  each  pair  of  plates. 

IMPROVEMENTS  IN  THE  OBSERVATORY  AT 
ANN  ARBOR. 

BY  W.   J.    HUSSEY. 

In  addition  to  minor  matters  these  include  the  following : 

1.  The  establishment  of  an  Observatory  Instrument  Shop,  equip- 
ped for  the  construction  and  repair  of  instruments. 

2.  The  construction  of  a  new  driving  clock  for  the  six-inch  re- 
fractor, and  providing  a  camera  for  use  in  connection  with  this  in- 
strument. 

3.  The  installation  of  sets  of  seismographs  of  the  Bosch-Omori 
and  Wiechert  types. 

4.  The  re-mounting  of  the  twelve-inch  refractor  and  the  addi- 
tion of  a  new  filar  micrometer  for  it. 

5.  The  construction  of  a  373^-inch  reflecting  telescope,  equa- 
torially  mounted,  arranged  for  use  in  Newtonian  and  Cassegrain 
form.  This  instrument  is  designed  for  photographic  and  spectro- 
scopic work.  A  single-prism  spectrograph  for  radial  velocity  deter- 
minations has  been  obtained  for  use  in  connection  with  it. 

6.  The  erection  of  an  addition  to  the  Observatory,  providing 
class  rooms,  offices,  photographic  rooms,  clock  room,  etc.  This  ad- 
dition includes  a  forty-foot  dome  for  the  new  reflecting  telescope. 

ON  DIFFERENTIAL  FLEXURE  IN  THE  SINGLE-PRISM 
SPECTROGRAPH. 

BY  R.  H.  CURTISS. 

Serious  differential  flexure  eft'ects  have  been  detected  in  the  con- 
ventional cantilever  type  of  spectrograph,  which  is  especially  liable 
to  this  source  of  error  when  used  in  connection  with  the  equatorial 
telescope.  The  flexure  in  the  meridian  being  known,  the  operation 
of  this  eft'ect  with  changing  hour  angle  is  easily  determined  for  any 
part  of  the  sky  and  may  be  shown  to  enter  with  a  large  percentage 
of  its  maximum  value  in  exposures  of  ordinary  length  on  stars  in 
unfavorable  positions. 

In  the  case  of  the  new  single-prism  spectrograph  of  the  Observa- 
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tory  of  the  University  of  Michigan,  the  flexure  has  been  effectually 
eliminated  by  the  method  of  support.  A  homogeneous  brass  box 
carrying  the  slit  head,  optical  parts,  and  plate  holder  is  supported  at 
three  points,  two  of  which  were  fixed  in  the  original  design.  The 
third  was  placed  at  a  point  determined  by  actual  trial  such  that  the 
flexure  displacement  of  spectral  lines  caused  by  the  change  of  posi- 
tion of  the  spectrograph  is  eliminated. 

THE  FOCAL  CURVES  OF  THE  SINGLE-MATERIAL  CAM- 
ERA DOUBLET  OF  THE  SINGLE-PRISM  SPEC- 
TROGRAPH OF  THE  DETROIT  OBSER- 
VATORY. 

BY  R.    H.   CURTISS. 

This  paper  dealt  with  a  recent  investigation  of  the  focal  curves 
from  A  3900  to  A  6000  of  the  new  camera  lens  mentioned  in  the 
title.  The  collimator  is  an  Isokumat  of  27.5  inches  focus  and  1.4 
inches  aperture.  The  camera  lens  has  a  focus  of  sixteen  inches. 
Nine  different  combinations  of  collimator  and  prism  settings  were 
tried  covering  all  cases  that  might  be  advantageous.  It  was  found 
that  the  deviation  from  straightness  of  the  focal  curves  was  prac- 
tically the  same  in  all  cases  over  a  distance  of  thirty-four  millimeters. 
But  for  the  portion  of  the  curve  corresponding  to  the  interval  A  4000 
to  A  5900  the  deviations  were  least  for  minimum  deviation  settings  in 
the  neighborhood  of  A  4400.  It  was  found  that  the  entire  region 
from  A  3900  to  A  6000  could  be  photographed  in  sharp  focus  upon 
one  negative. 

THE  NEW  SPECTROGRAPH  MEASURING  ENGINE  OF 
THE  DETROIT  OBSERVATORY. 

BY  R.   H.   CURTISS. 

This  engine  was  constructed  from  designs  by  Dr.  Curtiss  based 
upon  his  experience  with  instruments  of  the  Zeiss,  Toepfer  and 
Gaertner  types.  The  principal  features  are :  a  sector  for  inclining 
the  engine  at  any  desired  angle ;  a  long  clock  spring  for  taking  up 
the  back-lash  of  the  screw ;  a  reversible  secondary  plate  carriage ; 
a  motion  of  rotation  of  the  microscope  around  an  axis  parallel  to 
the  screw ;  the  use  of  an  interrupted  reticle  and  a  removable  reticle 
holder  to  carry  glass  reticles  of  any  type.  The  screw  of  the  engine 
was  made  at  Ann  Arbor,  in  the  Obseratory  Shop  and  seems  to  pos- 
sess a  remarkable  accuracy. 
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SOLAR  SPECTROSCOPIC  OBSERVATIONS. 

BY  PHILIP  FOX. 

Results  in  these  lines  of  work  were  presented:  (i)  Spectrograms 
of  a  dark  calcium  flocculus  that  had  a  high  velocity.  (2)  A  brief 
report  on  the  work  undertaken  by  Dr.  Abetti  and  the  author  on  the 
sun-spot  spectrum.  The  photographs  were  obtained  with  an  18- 
foot  Littrow  spectrograph  used  with  an  horizontal  telescope  of  sixty 
feet  focal  length.  The  investigation  covers  the  region  from  A.  3900 
to  k  6800  and  includes  about  eight  thousand  altered  lines.  (3)  A 
preliminary  report  concerning  a  comparative  study  of  the  spectra  of 
the  details  of  the  photospheric  granulation. 


THE  USE  OE  QUARTZ  FIBERS  FOR  MICROMETER 

WIRES. 

BY  PHIUP  FOX. 

Spider-threads,  while  excellent  in  many  ways,  have  two  disad- 
vantages :  they  are  affected  by  humidity  and  they  are  too  coarse.  It 
is  a  difficult  matter  to  find  spider  threads  whose  diameters  do  not 
exceed  the  resolving  power  of  the  telescope.  The  author  has  made 
some  experiments  with  quartz  fibers  furnished  by  Professor  Nichols. 
There  was  no  difficulty  in  finding  and  mounting  fibers  that  were  one- 
third  of  the  usual  diameter  of  spider  threads.  They  are  very  smooth 
and  do  not  readily  retain  dust  particles,  they  are  easily  illuminated 
and  are  not  affected  by  changes  in  humidity.  One  fiber  has  been  in 
use  for  more  than  a  year. 

In  the  discussion  that  followed  this  paper  attention  was  called 
to  the  fact  that  owing  to  the  non-elastic  qualities  of  the  fiber  there 
was  a  tendency  for  it  to  work  loose  from  the  mounting,  under  the 
temperature  conditions  that  usually  prevail  at  a  telescope. 


SOME  DYNAMICAL  CONSIDERATIONS  ON  GLOBULAR 
STAR  CLUSTERS. 

BY  F.   R.   MOULTON. 

The  assumption  on  which  this  paper  was  based  is  that  the  dimen- 
sions, masses  and  relative  velocities  in  the  globular  clusters  are 
such  that  they  maintain  essentially  constant  dimensions.  Conse- 
quently, if  this  assumption  is  sound,  when  two  of  the  three  classes 
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of  data  are  furnished  by  observations,  the  third,  e.  g.,  the  masses, 
is  given  by  the  equational  relation  which  is  developed. 

If  TT  is  the  parallax  of  the  cluster,  D  the  diameter  of  the  cluster  in 
the  same  units,  iY  the  number  of  stars  in  it.  then  p,  the  average  dis- 
tance between  adjacent  stars,  is 

_     D 
"  -  ^fN 

If  A' =  5,000,  D  =  30',  ir  =  o".Di,  which  is  the  mean  parallax 
of  fifth  magnitude  stars  according  to  Kapteyn's  formula,  we  have  p 
=  10,500  astronomical  units. 

An  important  question  in  the  discussion  is  whether  a  star  passing 
through  the  cluster  has  many  close  approaches  to  other  stars,  and 
whether  it  may  be  prevented  from  leaving  the  cluster  by  the  general 
gravitative  control  of  the  whole  group  of  stars.  If  R  is  the  radius 
of  the  cluster  in  astronomical  units,  the  probability,  P,  that  a  star 
passing  through  the  cluster  will  pass  within  r  astronomical  units 
of  at  least  one  other  star  is 


-IB] 


N. 


With  r^-=io  and  the  data  assumed  above,  we  have  P'=  1/43,000. 
Hence  near  approaches  in  such  a  system  are  extremely  rare. 

The  period  of  revolution  of  a  star  in  a  star  cluster  of  approximately 
homogeneous  star  distribution,  is 

r  =  21'RykylM, 

where  M  is  the  total  mass.     Supposing  il/  =  5,000  times  the  sun's 
mass  and  the  other  data  as  above,  we  find  T'  =  89X  10^"  years. 


The  greatest  velocitv  is 


V  =  k\IM/\IR 


at  the  center  of  the  cluster.  With  the  data  used  above,  F=i.04 
astronomical  units  per  year ;  or,  in  angular  measure,  as  a  maximum, 
o".oi  per  year.  The  apparent  angular  velocity  varies  with  the  three- 
halves  power  of  the  parallax.  Consequently  if  the  large  value  taken 
above  is  actually  ten  times  too  great,  the  greatest  apparent  angnlar 
velocity  is  only  o".ooo3  per  year.  If  these  numerical  assumptions 
be  regarded  as  reasonable,  then  sensible  relative  motions  of  perma- 
nent members  of  star  clusters  are  not  to  be  expected  until  the  ob- 
servations extend  over  some  decades. 
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ACHROMATIC    AND    APOCHROMATIC    COMPARATIVE 

TESTS— SECOND  COMMUNICATION. 

BY  E.  D.   ROE,  JR. 

This  paper  presented  the  final  resuhs  of  the  testing  of  two  objec- 
tives, which  was  oitthned  a  year  ago  in  a  preliminary  communication 
before  the  Society.  The  two  objectives,  two-lens  type  achromatic 
and  apochromatic  telescope  objectives  of  approximately  the  same 
aperture  and  focal  length,  by  Mr.  Lundin  and  Steinheil  Sohne,  re- 
spectively, were  tested  visually  on  double  stars,  and  in  the  laboratory. 
The  photographic  knife  edge  test  was  applied  to  both  objectives 
with  satisfactory  results,  while  the  color  curves  of  the  two  lenses 
were  ascertained  by  measurements  on  extra-  and  intra-focal  spectro- 
grams.   The  paper  will  appear  in  Archiv  fiir  Optik.  (Berlin). 

REPORT  OF  PROGRESS  ON  THE  RADIAL  VELOCITY 
PROGRAM  OF  THE  LICK  OBSERVATORY. 

BY  W.  W.  CAMPBELL. 

The  programs  of  observation  for  the  Mills  spectrograph  attached 
to  the  36-inch  equatorial,  and  for  the  D.  O.  Mills  expedition  to  the 
southern  hemisphere  (Santiago,  Chile)  have  aimed  to  secure  at  least 
four  spectrograms  of  every  star  down  to  the  5.0  visual  magnitude, 
with  3-prism  dispersion  if  possible,  and  of  somewhat  fainter  stars, 
especially  in  the  southern  hemisphere,  with  2-prism  dispersion.  Up 
to  June  I,  1909,  3-prism  spectrograms  of  882  stars  had  been  obtained 
at  Mt.  Hamilton ;  200  of  these,  whose  spectra  contain  broad  and 
poorly  defined  lines,  have  been  rejected  from  the  main  program  for 
observation  later  with  lower  dispersion.  Excepting  these,  the  north- 
ern observing  program  is  essentially  complete  for  the  good  summer 
months  :  and  if  next  winter,  and  especially  next  spring,  have  average 
weather  conditions,  the  program  should  be  nearly  complete  through- 
out the  twenty-four  hours  of  right  ascension,  by  June  i,  1910.  The 
D.  O.  Mills  expeditions,  under  Astronomers  Wright  and  Curtis, 
successively,  have  observed  altogether  530  stars  brighter  than  5.01 
visual  magnitude  and  about  150  stars  fainter  than  5.00  magnitude, 
or  680  stars  in  all.  Correcting  for  those  stars  observed  at  both  Mt. 
Hamilton  and  Santiago,  the  total  number  of  stars  whose  spectra 
have  been  photographed  is  1,368.  The  original  Mills  spectrograph 
was  succeeded  in  May,  1903,  by  a  new  Mills  spectrograph.  All  the 
spectrograms  obtained  with  the  original  spectrograph,  and  about 
three-fourths  of  those  obtained  with   the  new   spectrograph,   have 
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been  measured  and  reduced  definitively,  and  are  being  rapidly  pre- 
pared for  publication.  During  the  first  period  of  the  D.  O.  Mills 
expedition,  in  charge  of  Astronomer  Wright,  covering  two  years  of 
observation,  spectrograms  of  about  200  stars  were  secured.  Those 
containing  lines  suitable  for  accurate  measurement  numbered  148, 
and  four  plates,  on  the  average,  were  obtained  for  each  of  these. 
The  results,  including  all  the  text,  are  entirely  ready  for  publication 
in  volume  form.  Of  these  148  stars,  29,  or  one  in  five,  have  been 
found  to  have  variable  velocities.  Of  the  plates  secured  during  the 
second  period  of  the  D.  O.  Mills  expedition,  under  Astronomer 
Curtis,  about  one-third  have  been  measured  and  reduced  definitively 
by  Dr.  Curtis  and  his  assistant,  Mr.  Paddock,  while  carrying  on  the 
work  of  observing.  The  rem.ainder  have  been  measured  approxi- 
mately-— that  is,  utilizing  only  a  few  of  the  available  lines.  It  should 
be  said  that  only  a  small  proportion  of  the  spectroscopic  binaries  dis- 
covered at  Mount  Hamilton  and  in  Chile  have  been  investigated. 
To  do  this  would  require  several  years  of  observing,  measurement 
and  computation. 

THE  LICK  OBSERVATORY  DOUBLE-STAR   SURVEY— A 
REPORT  OF  PROGRESS. 

BY  R.  G.  AITKEN. 

The  program  for  this  survey  as  originally  planned  contemplated 
the  examination  of  every  star  to  the  magnitude  g.o  in  the  Bonn 
Durchmusterung  from  the  north  pole  to  declination  22°  south,  with 
the  object  of  securing  data  for  a  statistical  study  of  double  stars. 
Since  1905,  when  Professor  Hussey  left  the  observatory,  the  work 
has  been  carried  on  by  the  author  alone.  It  should  be  completed  in 
two  years'  time,  provided  that  the  observing  conditions  between 
December  and  June  are  reasonably  good.  At  present  about  85  per 
cent,  of  the  area  has  been  examined ;  3,375  close  double  stars  have 
been  added  to  those  previously  known  and  of  these  1,327  are  to  Pro- 
fessor Hussey 's  credit.  One  star  in  eighteen  of  those  examined  has 
proved  to  be  a  double  with  a  separation  under  5".  It  appears  that 
double  stars  with  a  separation  under  2"  are  far  more  numerous 
than  those  between  2"  and  5".  The  discussion  of  the  material  thus 
far  collected  is  under  way,  but  definitive  results  will  not  be  forth- 
coming until  the  survey  has  been  extended  to  the  south  pole.  It  is 
hoped  that  an  expedition  suitably  equipped  to  carry  out  this  program 
may  be  sent  to  South  America  by  the  Lick  Observatory  immediately 
upon  the  conclusion  of  the  present  survey. 
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SPECTROGRAPHIC    AND     PHOTOGRAPHIC    OBSERVA- 
TIONS OF  COMET  c  1908  (Morehouse). 

BY   HEBER  D.   CURTIS. 

Between  the  dates  February  23  and  March  23,  1909,  one  sHt  spec- 
trogram and  seventeen  objective-prism  spectrograms  were  secured 
at  the  observatory  of  the  D.  O.  Mills  expedition.  With  the  slit 
spectrograph  it  was  found  possible  to  obtain  only  the  strongest 
of  the  pairs  of  lines  of  unknown  origin  which  characterized  this 
comet.  The  wave-lengths  of  this  pair  as  derived  from  the  slit  spec- 
trogram are  A.  4254.2  and  \  4275.4. 

The  following  are  the  wave-lengths  as  derived  from  the  objective- 
prism  plates:  A  3914.1,  A  4002.1,  A  4021.3,  A  4254.0,  (A  4276.0), 
A  4526.0+,  A  4545.9,  A4570.2,  A  4690.7,  A  4716.3.  Collecting  the 
differences  for  the  three  strongest  pairs  of  lines,  A  4002-21,  A  4254-76, 
A  4546-70,  together  with  the  corresponding  angles  at  the  comet  be- 
tween the  radius  vector  and  the  line  connecting  the  comet  with  the 
earth,  we  have : 


Observer 

Date 

A\i 

AX, 

AXg 

Angle 

Deslandres  and  Bernard 

1908  Oct.    14 

20 

23 

20± 

39° -9 

Deslandres  and  Bosler 

Nov.    I 

19.7 

21.6 

20.0 

46  .3 

Campbell  and  Albrecht 

Nov.  28 

19.6 

20.7 

20.8 

37  -2 

Curtis 

1909  Feb.  25 

18.5 

22.0 

24-5 

39  .7 

Curtis 

Mar.  21 

19.4 

22.5 

23.8 

35  .6 

The  objections  to  interpreting  the  doubling  of  these  lines  as  a 
Doppler-Fizeau  effect  have  already  been  stated  by  Campbell  and 
Albrecht  {cf.  Lick  Observatory  Bulletin,  No.  147).  Assuming  the 
actual  velocities  along  the  tail  or  transverse  to  the  tail  to  have  been 
the  same  when  Deslandres  and  Bosler  observed  on  November  i  and 
when  the  author  observed  on  March  21,  the  mean  of  the  intervals 
for  the  three  priiicipal  pairs  of  lines  should  have  been  about  four 
tenth-meters  greater,  or  less,  respectively,  on  March  21  than  on 
November  i,  whereas  the  observed  intervals  were  not  quite  one 
tenth-meter  greater  on  the  latter  date. 

The  various  spectral  images  are  replicas  of  the  tail,  as  shown  by 
the  direct  photographs  taken  at  the  same  dates,  as  far  as  can  be 
made  out  on  the  small  scale  of  the  plates.  In  this  respect  the  plate 
of  March  20  is  of  especial  interest.  The  direct  photograph  on  this 
night  shows  a  marked  curve  in  the  tail  about  half  a  degree  from  the 
head,  a  curve  which  is  duplicated  in  each  of  the  spectral  images. 
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Twenty-eight  direct  photographs  of  the  comet  were  also  made 
during  this  period,  the  majority  of  them  with  a  6yi,  inch  portrait 
lens ;  many  of  these  plates  show  interesting  evidences  of  the  extra- 
ordinary activity  which  characterized  this  comet  both  before  and 
after  perihelion. 

THREE  STARS  OF  GREAT  RADIAL  VELOCITY. 

BY  HEBER  D.  CURTIS. 

A  number  of  stars  with  proper  motions  of  i".o  per  year  or  greater 
have  been  investigated  with  the  spectrographs  of  the  D.  O.  Mills 
expedition  to  the  southern  hemisphere,  and  in  the  course  of  this 
work  three  stars  have  been  found  with  radial  velocities  of  unusual 
magnitude.  Of  these  the  most  interesting  is  the  star  Cordoba  Zones 
5''243  (a  =  5''7°'.4,  8^  —  44°  56')  whose  proper  motion  of  8.7  sec- 
onds of  arc  per  year  is  the  greatest  thus  far  observed.  Its  magnitude 
is  9.2,  and  its  photographic  magnitude  about  10.5,  so  that  a  satis- 
factoy  plate  was  secured  only  by  prolonging  the  exposure  time  to 
twenty-nine  hours  on  four  consecutive  nights.  The  mean  of  the 
two  plates  shows  that  the  star  is  receding  from  the  sun  at  a  rate 
of  242  km.  per  second.  Using  the  Cape  value  of  the  parallax  of  this 
star,  o".3i2,  wath  Kapteyn's  values  for  the  proper  motion  in  right 
ascension  and  declination,  and  eliminating  the  motion  of  the  solar 
system  in  accordance  with  Campbell's  value,  the  resulting  space  ve- 
locity of  this  star  is  about  261  km.  per  second,  directed  toward  a 
point  whose  coordinates  are  a  =122°,  8  =  —  60°.  This  enormous 
space  velocity  seems  to  be  exceeded  only  by  the  star  1830  Groom- 
bridge,  which  is  traveling  at  a  rate  of  about  278  km.  per  second 
toward  an  ape.x  in  0  =  250°,  8  =  — 52°.  From  five  plates  a  velocity 
of  recession  of  100  km.  per  second  was  found  for  the  star  Lacaille 
2957,  and  a  velocity  of  approach  of  132  km.  per  second  in  the  case 
of  the  star  Lacaille  8362,  derived  from  three  plates. 

THIRTEEN  STARS  HAVING  VARIABLE  R.\DIAL  VELOC- 
ITIES. 

BY  HEBER  D.  CURTIS. 

This  paper  gave  a  list  of  thirteen  new  spectroscopic  binaries  dis- 
covered during  the  past  two  years  in  the  course  of  the  work  of  the 
D.  O.  Mills  expedition  to  the  southern  hemisphere.  Eight  of  the 
number  were  discovered  by  Dr.  Curtis,  and  five  by  Mr.  George  F. 
Paddock.  In  two  cases  the  spectra  of  both  components  of  the  sys- 
tem are  visible. 
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NOTE  ON  THE  APPARENT  WAVE-LENGTHS  OF  LINES 
IN  THE  DIFFERENT  SPECTRAL  TYPES  AND  IN  CER- 
TAIN VARIABLE  STARS. 

EY  SEBASTIAN  ALEEECHT. 

In  1906  the  author  made  an  investigation  of  the  individual  spec- 
trum hnes  in  certain  spectrograms,  with  a  view  of  determining 
whether  there  is  a  shift  of  any  of  the  Hnes  which  is  progressive  from 
spectral  type  to  type.  A  preliminary  list  of  lines  which  undergo 
such  a  change,  as  indicated  by  the  radial  velocities  obtained  from 
them,  was  published  in  November,  1906.  This  investigation  has 
been  continued  intermittently  during  the  last  two  years,  and  a  num- 
ber of  additional  lines  have  been  found  whose  positions  also  change 
progressively. 

In  the  paper  referred  to,  a  comparison  was  made  with  Mr.  Adams's 
list  of  sun-spot  lines  {Astrophysical  Journal,  Vol.  XXIV).  The 
principal  result  of  the  comparison  was  the  strong  indication  that 
the  physical  conditions  in  the  stars  as  we  pass  from  the  F  to  the  Mb 
type  vary  roughly  in  the  same  direction  as  from  the  sun  to  the  sun- 
spots.  The  results  for  the  additional  lines  are  in  harmony  with  the 
above  conclusion. 

In  his  first  paper  the  author  expressed  the  opinion  that  for  variable 
stars  of  large  light  changes  similar  changes  of  apparent  wave-lengths 
of  line  might  be  found,  corresponding  to  changes  in  spectral  type 
from  maximum  to  minimum.  Measures  of  the  available  spectro- 
grams of  the  fourth  class  variables  i]  Aquilas  and  i  Carinas  were 
tabulated  according  to  phase  of  light  variation  and  some  lines  in  the 
case  of  each  star  were  found  to  show  a  variation  dependent  upon  the 
phase  of  the  light  curve.  In  general,  the  direction  of  variation  is 
such  as  to  indicate  a  later  spectral  type  at  minimum  than  at  maxi- 
mum, though  the  variation  does  not  in  each  case  take  place  in  the 
same  part  of  the  light  curve.  The  change  in  the  spectrum  of  the 
variable  star  is  probably  such  that  the  spectrum  always  has  some 
characteristics  of  more  than  one  spectral  type. 
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UNPUBLISHED  WORK  OF  THE  HARVARD  OBSER- 
VATORY. 

BY  EDWARD  C.  PICKERING. 

Discussion  of  the  Revised  Harvard  Photometry,  H.  A.,  64,  4,  pp. 
56;  ready  for  distribution. 

Observations  on  J.  D.  3182  with  the  Four-inch  Meridian  Photo- 
meter, H.  A.,  64,  5,  pp.  12;  ready  for  printing. 

Magnitudes  of  Components  of  Double  Stars,  H.  A.,  64,  6,  pp.  34 ; 
in  type. 

A  discussion  of  the  EcHpses  of  Jupiter's  Satellites,  1878- 1903,  by 
Ralph  A.  Sampson,  H.  A.,  52,  2,  pp.  190;  in  type. 

Durchmusterung  Zones  Observed  with  12-inch  ]\Ieridian  Photo- 
meter, 190  pages  ;  in  type. 

Maxima  and  Minima  of  Variable  Stars  of  Long  Period,  130  pages ; 
in  type. 

Photometric  Measurements  made  with  the  East  Equatorial,  by 
Oliver  C.  Wendell,  pp.  56 ;  in  type. 

Photographic  Magnitudes  of  Seventy-two  Bright  Stars,  Photo- 
graphic Observations  of  Occultations,  Eclipses  of  Jupiter's  Satellites, 
Transformation  of  Prismatic  to  Normal  Spectra,  Miscellaneous,  by 
Edward  S.  King ;  nearly  ready  for  printing. 

Statistical  Investigations  of  Planetary  Orbits,  by  W.  H.  Pickei- 
ing ;  nearly  ready  for  printing. 

The  Zone  of  Stars,  in  declination  — 9°  50'  to  —  14°  10',  obser\'ed 
by  Professor  Searle  with  the  eight-inch  meridian  circle,  is  now  neai- 
ly  completed.  It  will  occupy  three  volumes  of  the  Hanxird  Annals. 
It  will  be  sent  to  the  printer  this  autumn,  unless  unforeseen  delays 
arise. 

THE  PHOTOGRAPHIC  SEARCH  FOR  PLANET  O. 

BY   W.    H.   PICKERING. 

The  search  for  this  planet  was  prosecuted  on  plates  taken  by  the 
Rev.  Joel  H.  Metcalf  with  his  12-inch  doublet.  Two  plates  of  each 
region  were  taken  at  intervals  of  a  few  days  apart.  A  positive  wa« 
printed  from  one  of  these,  and  the  other  negative  superposed  upon 
it.  It  was  expected  to  detect  the  planet  by  its  motion  during  the 
interval  elapsed.  The  planet  has  not  as  yet  been  found.  This  may 
be  due  to  one  or  more  of  three  causes:  (a)  The  planet  may  be  un- 
expectedly faint,  or  reddish  in  color.     Its  computed  magnitude  is 
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^3-S-  (^)  Tlie  orbit  may  be  highly  eccentric,  the  computation  being 
based  on  an  approximately  circular  orbit,  (c)  The  orbit  may  be 
highly  inclined  to  the  ecliptic,  and  the  planet  at  present  situated  far 
from  its  node.  For  various  reasons  the  first  two  causes  are  not 
thought  sufficiently  effective  to  interfere  with  the  discovery  of  the 
planet.  We  might,  by  analogy,  compare  planet  0  on  account  of  it^ 
relative  size  and  position  with  regard  to  the  other  planets,  to  the 
sixth  or  seventh  satellite  of  Jupiter.  The  inclinations  of  the  orbits 
of  these  two  bodies  are  28°  and  26°,  respectively.  The  region  al- 
ready covered  in  the  photographic  search  extends  along  the  ecliptic 
for  25°,  and  reaches  to  a  maximum  distance  of  10°  to  the  north  and 
south  of  it.  It  is  expected  therefore  to  make  an  examination  of  the 
higher  latitudes  next  year.  The  number  of  stars  already  examined 
in  the  search  is  estimated  at  about  300,000. 


THE  SPECTRUM  OF  A  METEOR. 

.BY  WILLI.'MMINA  P.  FLEMING. 

On  August  14,  1909,  while  examining  a  shipment  of  plates  re- 
cently received  from  Arequipa  the  spectrum  of  a  meteor  was  found 
on  a  photograph  taken  with  the  Bruce  24-inch  telescope  on  May 
18,  1909.  This  must  have  been  an  unusually  bright  object,  since 
its  trail  is  very  intense,  consisting  of  twenty-three  bright  lines  or 
bands.  As  the  photograph  has  so  recently  been  received  at  Cam- 
bridge no  study  of  the  spectrum  has  as  yet  been  attempted. 


GRADUATION  ERRORS  OF  THE  CIRCLES  OF  THE  SIX- 
INCH  TRANSIT  CIRCLE  OF  THE  U.  S.  NAVAL 
OBSERVATORY. 

BY  J.   C.   HAMMOND. 

This  consisted  of  a  description  of  the  methods  and  results  of  a 
thorough  examination  of  the  circles  that  is  still  in  progress.  The 
circles  were  graduated  by  the  Warner  and  Swasey  Company,  of 
Cleveland,  and  seem  to  be  quite  as  accurate  as  those  of  the  best  for- 
eign makers.  The  examination  brought  to  light  a  periodic  error 
that  repeated  itself  in  every  ten  minutes  of  arc.  This  was  traced  to 
a  slight  eccentricity  of  a  ratchet-wheel  and  has  been  corrected  for 
circles  subsequently  graduated  with  this  engine. 
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CLOCK  VAULT  OF  THE  U.  S.  NAVAL  OBSERVATORY. 

BY  EDGAR  TILLYER. 

In  this  paper,  which  was  read  by  Professor  Updegraff  in  the  ab- 
sence of  the  author,  Mr.  Tillyer  described  the  devices  adopted  for 
maintaining  constant  temperature  in  the  vault  in  which  are  mounted 

three  Riefler  clocks. 

ON  THE  CONSTRUCTION  OF  ASTRONOMICAL  PHOTO- 
GRAPHIC OBJECTIVES  AT  THE  U.  S.  NAVAL 
OBSERVATORY. 

BY  GEORGE  H.  PETERS. 

Mr.  Peters  first  described  the  various  attempts  that  had  been  made 
to  install  a  photographic  instrument  at  the  observatory  with  the  use 
of  material  already  at  hand,  the  most  noteworthy  of  these  being  the 
reassembling  of  the  parts  of  the  old  mounting  of  the  26-inch  equa- 
torial to  serve  as  a  mounting  for  various  cameras.  Mr.  Peters  has 
now  undertaken  the  construction  of  two  lo-inch  objectives  of  about 
110-inch  focus.  These  are  of  the  type  in  which  three  lenses  are  em- 
ployed with  large  separations.  The  curves  were  computed  by  Mr. 
Tillyer  and  the  grinding  is  being  done  with  a  machine  constructed 
in  the  observatory  shop. 
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